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2 (57) Abstract: The present invention relates to polynucleotides that control desaturase genes and to drug screening assays for identi- 
fying pharmaceutialiy active compounds for use in the treatment of diseases involving abnormal lipid metabolism including diabetic 
Q neuropathy, by utilizing fatty add desaturase enzymes and the genes which encode them as taigcts for intervention. 1lic drug scrocn- 
2^ ing method idenliHes nucleotides, prulBins, compounds and/or other pharmacological agents, which eHecLively modulate the aclivily 
of desaturase enzymes or regulate the level of expression of the desaturase genes. 
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TITLE OF THE INVENTION 



Polynacleotides that Control Delta-6-Desatarase Genies and Methods for Idenidfying 
Compounds for Modulating Delta-6->Desaturase 

FIELD OF THE INVENTION 

This invention relates to the identification of nucleotides, proteins, con^oomds and/or 
pharmacological agents that either inhibit or enhance the activity of fatty acid delta-6Kiesaturase 
enzymes involved in lipid metabolism and/or effectively regulate the level of expression of the dclta- 
6-desaturase genes, and to compounds so identified. 

BACKGROUND OF THE INVENTION 

The first committed step in the biosynthetic pathway for polymisaturated fatty acids (PUFAs) is 
catalyzed by an enzyme known as delta-6-desaturase (D6D) which catalyzes the synthesis of GLA 
fi'om LA. This occurs in the s-6 metabolic pathway. In addition. D6D also converts ALA into 
steaiidonic acid (SDA) in the n-3 metabolic pathway. OLA is subsequently converted as a substrate 
to DGLA thiougih an elongation process, which is then converted to AA ttirough desatuiation by a 
difTerent desaturase enzyme known as delta-5-desatuiase (DSD). AA and DOLA are essential 
precursors of various important eicosanoids. These PUFAs are subsequently incorporated into 
membrane phospholipids and used for eicosanoid biosynthesis. 

The amino acid and nucleotide sequences for human delta-6-desaturase have been found, (Cho et al., 
1999a, /. Biol. Chem,^ 274: 471-477), and the rat della-6-desaturasc characterized to some extent 
(Aid et al., 1999, Biochem. Biophys. Res. Cofiimun,j 255: 575-579). 

It has been reported that endogenous GLA formation is impaired in a number of disease states and 
subsequent administration of OLA has therapeutic effect (Horrobin DJ^., 1990, Rev. Contemp, 
Pharmacother., 1: 1-45 and HorrobmD.F.. 1992, Prog. Lipid Res,, 21: 163-194). The types of 
diseases which have been studied include the following: atopic eczema, diabetic neuropathy, 
mastalgia, dKumatoid artfiritis, Sjogren's syndrome, gastrointestinal disorders, viral infections and 
postviral fatigne, endometriosis, schizophrenia, alcoholism, Alzheimer's syndrome, cardiovascular 
disease^, renal disease, cancer and liver disease. Also, in several other human diseases (e.g. cystic 
fibrosis, Cohn's disease and congenital liver disease) abnormal patterns of PUFAs attributable to 
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insufficient dietary LA or to altered metabolism such as diminished capabilities involviag 
desaturation or chain elongation have been described (Cook H.W., 1996, Fatty Acid Desaturation 
and Chain Elongation in Eukaryotes: in Biochemistry of Lipids, Lipoproteins and Membranes, Vance 
D.E, and Vance J.E. (eds.) Elsevier, Amsterdam, pp.150). 

Furdiexinorc, severe e£kcts observed in experimental animals and humans in Ihe absence of dietar)' 
essential &tty acids include a dramatic decrease in weight, dermatosis and increased penneabilxty to 
water, enlarged kidneys and reduced adrenal and thyroid glands, cholesterol accumulation and altered 
fatty acyl composition in many tissues, impaired reproduction and ultimate death (Sinclair ILM., 
1984, Hum. Nutr, Oin. Nutr., 38: 245-260). 

The pathophysiology of diabetic peripheral neuropathy spears to be associated with the abnonnal 
metabolism of essential fetty adds (Julu P., 1997, in Essential Fatty Acids and Eicosanoids, pp. 1 68- 
1 75/ This abnormal or altered lipid metabolism is reflected in the lack of incorporation of n-6 fatty 
acids in membrane phospholipids (Coste et al., 1999» Nutr. Biochem., 10: 41 1-420). Evidence 
from experimental diabetes studies in animals indicates that the formation of fatty acids by the 
desaturation and elongation systems is impaired which may lead to an abnonnal polyunsaturated 
fatty acid metabolism. Based on these findings, it has been proposed that if liie rate-limiting step of 
the reaction involving the delta-6-desataiation of LA is bypassed by way of admixustcatiQn of the 
product, GLA, it may be possible to control or reduce some of the pathophysiological symptoms 
associated with diabetic neuropathy (Cotter M. A. and Cameron N. E., 1997, Diabetic Neuropathy, 
Marius Press, Camforth, U.K., pp. 97-1 19). Oils containing substantia] amounts of n-6 fetty acids, 
in particular GLA, have prevented nerve conduction velocity deficits. Indeed, GLA treatment in 
diabetic rats prevented nerve conduction velocity deficits probably by the repletion of a discrete pool 
of arachidonic acid m phospholipids which is critical for normal nerve function (Kumvilla et al., 
1998, Prostaglandins LeukoU EssenU Fatty Acids, 59: 196-202 and Coste et al., 1999, / Nutr. 
Biochem., 10: 41 1-420). The precise mechanism by which GLA brings about these improvements 
has not yet been established. 

In human diabetics, trends observed in results derived from several clinical trials resemble tiiose 
found in animal models. For example, multicenter clinical trials have shown promising results with 
GLA treatment in that the administration of OLA partially normalizes nerve conduction velocity and 
other neurophysiological parameters, hereby reducing symptoms of diabetic neuropathy (Keen et aL 
1993, Diabetes Care, 16: 8-15). Recent studies have also shown that the therapeutic effect of GLA m 
diabetes can be enhanced by the addition of other compounds that affect lipid oxidation (Tomlinson 
D.R., 1998, Diabetes and Metabolism (Paris) , 24 (suppl) 3: 79-83). Data compiled from different 
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laboiatoty studies suggest tbat OLA is Ihe main active n-6 PUFA for treatment of diabetic 
nenropathy. 

However, fatty acids of the n-3 family are not as effective when tested in animal models of diabetes. 
Furthennoie, it has been shown that the administration of n-3 &tty acids in combination with OLA 
can actually reduce the incorporaticm of GLA and subsequently impair the efiiectiveness of GLA in 
its ability to reverse nerve conduction veloci^ deficits (Dines et al., 1 993> Diabetologia, 30: 1 1 32- 
1138). 

U.S. Patents Nos. 4,806,569 and 4,826,877 teach that the conversion of LA and ALA is deficient in 
certain disease conditions including diabetes. The deficiency has been identified as a lack of activity 
of the first enzyme in the pathway, being D6D. As a consequence, diabetic patients have a higher 
concentration of LA with a concomitant reduction in the AA concentration. These results have been 
confirmed and expanded upon wifli the present inventors' work. 

Eczema is a superficial inflammation of the skin, which affects botii the dermis and the epidermis. 
The role of polyunsaturated fatty acids in the treatment of atopic eczema was initially proposed 
(Hansen A. E., 1933, Proc, Sac Exp, Biol Med. 3 1: 160-161) after it was discovered that patients 
who suffered firom eczema also had elevated serum levels of LA, but reduced levels of delta-6- 
desaturase products, such as GLA. These findings were lat^ supported and expanded by olher 
studies in which eczema patients showed low levels of serum arachidonic acid CManku et al, 1984, 
Br, J, Dermatol, 110: 643-680). A placebo-controlled clinical study confirmed the therapeutic 
usefiilness of GLA supplementation in atopic eczema (Wright et al., 1982, Lancet, 2: 1 120- 1 122). 
However, it has subsequently been reported that while providing oils rich in GLA produces a 
symptomatic improvement for atopic eczema, the treatment does not change the underlying disease 
state (Chq)man & Hall ed., 1992^ Unsaturated Fatty Adds: Nutritional and Physiological 
Significance, British Nutrition Foundation, London, pp. 175). 

The cytotoxic effects of GLA and EPA have been shown to be selective for cancer cells without 
afiBscting normal cells in vitro (Begin ctal., 1986,/. Nal. Cancer InsL, 11\ 1053-1062 and Vartaket 
al., 1997, hr. J. Cancer, 11: 1612-1620). In addition, through elongation and desaturation steps, 
GLA and £PA aze precursor molecules of other FUFAs of relevant importance in oncology, such as 
dihomo-gamma-Iinolenic acid (DGLA) and docosahexaenoic acid (DHA). In this regard, several 
studies have shown that treatment of malignant cells with EPA, GLA and/or their metabolites leads 
to cell cycle arrest, induction of apoptosis, hihibition of mitosis (Seegers et al., 1997, Prostaglandins 
Leukot EssenL Fatty Adds, 56: 271-280 and Lai et al., 1996, Br, J, Cancer, 74: 1375-1383) and cell 
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proliferation (CalvieUo et al., 1998, Int J. Cancer, 75: 699-705), aati-metastatic mechanisms, 
regulation of a metastasis-suppressor gene and occhiding expression (Jiang et al., 199Sa, Br. J. 
Cancer, 77: 731-738 and Jiang et al., 1998b, Biochem. Biophys. Res. Commtm., 244: 414-420), 
reduction of tumor-endothelium adhesion, improvement of gap jmiction communications of the 
endothelium (Jiang et al., 1997, Prostaglandins Leukot Essent, Fatfy Acids, 56: 307-316), inhibition 
of urokinases (duToit et al., Prostaglandins Leukot Essent, Fatty Adda, 51: 121-124) and 
induction of E-cadherm (Jiang et al., 1995a, Bk J. Cancer, 71: 5043-5048), reduction of tiie effects of 
growth fiictors on cancer cells (Jiang et al., 1995b, Br, J. Cancer, 71: 744-752), reversion of multi- 
drug resistance (Weber et al., 1994, /. Nat. Cancer Inst, 86: 638-639), and increase of (he cytotoxic 
effects of chemotherapeutic agents (Plumb et al., 1993, Br. J. Cancer, 67: 72&-733 and Anderson et 
al., 1998, Anticancer Res., 1 8: 791-800). In particular, EPA has been reported to significantly inhibit 
fhe growth of human pancreatic cancer cell lines in vitro (Falconer et al., 1994, Br, J. Cancer, 69: 
826-832) and down-regulate the acute-phase response in patients whh pancreatic cancer cachexia 
(Wigmore et al., 1997, Clin, &n., 92: 215- 221). It has also been shown fliat following e3q>osure to 
GLA or EPA, malignant cells generate much higlher levels of potentially cytotoxic superoxide 
radicals and lipid peroxidation products (Takeda et ai., 1993, Anticancer Res., 13: 193-200), 

In view of die beneficial effects of OLA, and the other essential products of D6D, there is a need for 
drug screening methods which identify test components Miiich will modulate fetty acid desaturase 
activity or the level of desatnrase gene expression for their subsequent utilization in the treatment 
and/or prevention of certain pathological disorders associated witii abnormal lipid metabolism. 

SUMMARY OF INVENTION 

The present invention is directed to mammalian fatty acid desaturase enzymes and the use of their 
nucleic acid and amino acid sequences in expression vectors and host systems for drug screening 
methods. Test componradts identified through these methods can be nsed as a basis for the 
formulation or innovation of therapeutic drugs, or as lead compounds to design or search for other 
drugs. 

The invention teaches (1) the 'isolation, cloning and identification of the control region (i.e. promoter 
and other legulatoty elements) of both a human and a rat fatty acid desaturase gene and (2) the use of 
the desaturase gene control region in drug screenmg methods to identify test components which can 
effectively modulate desaturase gene expression. The present invention incorporates the knowledge 
that the particular genetic elements, which are responsible for controlling desaturase gene expression, 
can be isolated independently of the desaturase gene encoding region (Le. amino acid coding 
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sequences) and, therefore, be employod to assay for agents ^t modulate desatuxase gene'expresfion. 

The mvention thus provides an isolated polynucleotide segment, comprising a polynucleotide 
sequence which is selected from the group consisting of: (a) a sequence comprising SEQ ID NO: 1; 
(b) a sequence comprising SEQ ID NO: 2; (c) a sequence which is at least 80% homologous with 
a sequence of any of (a) to (b); (d) a sequence ^ch is at least 90% homologous with a 
sequence of any of (a) to (b); (e) a sequence which is at least 95% homologous with a sequence 
of any of (a) to (b); (f) a sequence which is at least 98% homologous with a sequence of any of 
(a) to (b); 8 sequence which is at least 99% homologous with a sequence of any of (a) to (b); 
and; (h) a sequence which hybTidi2ses to any of (a) to (g) under stringent conditions. 

The invention also teaches an isolated polynucleotide segment of the invention, wherein the 
isolated polynucleotide segment is genomic DNA. The mvention teaches a vector comprising a 
polynucleotide segment of the invention in a suitable vector. Also provided is a host cell 
comprising a polynucleotide segment of the invention in a host cell which is heterogeneous to 
tiie segment 

The invention provides a method fox producing a polypeptide encoded by a gene opeiably linked 
to a polynucleotide segment of the invention comprising the step of culturing the host cell of the 
invention under conditions sufficient for the production of &6 polypeptide. 

The invention includes an isolated polynucleotide fiugment selected from Ihe group consisting 
of: (a) a sequence having at least 1 5 sequential bases of nucleotides of a segment of the 
invention ; (b) a sequence having at least 30 sequential bases of nucleotides of a segment of the 
invention ; and (c) a sequence having at least 50 sequential bases of nucleotides of a segment of 
die invention . 

Also tau£^t is a vector comprising a polynucleotide segment of the invention contained in a 
vector which is heterogeneous to the segment. Also taught is an isolated polynucleotide segment, 
conq)rising a polynucleotide sequence which retains substantially the same biological function of 
activity as the polynucleotide encoded by a segment of the invention . 

The invention teaches a method for identifying a compound which inhibits or promotes the 
activily of a polynucleotide segment of the invention, con^sing the steps of: (a) selecting a 
control animal having the segment and a test animal having the segment (b) treathig the test 
animal using a conqKiund; and» (c) determining (he relative quantity of an e^qpression product of 
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an opexably linked polynucleotide to the segment, as betv^een the control animal and the test 
flTTiTTifli xhe flnitngis may be mammals. The mammals may be tats. 

The invention further teaches a method for identifying a compound which inhibits or promotes 
the activity of a polynucleotide segment of the invention, comprising Ifae steps of: (a) selecting a 
host cell of &e invention ; (b) cloning the host cell and separating the clones into a test groi^ 
and a control group; (c) treating the test group using a CQnq)ound; and (d) determining the 
relative quantity of an expression product of a polynucleotide operably linked to the 
polynncleotide segment^ as between the test groi^ and the control group. 

Tlie invention teaches a method fur identifying a compound which inhibits or promotes the 
activity of a polynucleotide segment of the invention comprising the steps of: (a) selecting a test 
groiq) having a host cell of the invention a part thereof or an isolated polynucleotide thereof and a 
control group; (b) treating tiie test groi^ using a conqiound; and (c) determining the relative 
quantity of an e^qsression product of an operably linked polynucleotide to the segment, as 
between the test group and the control groi^i. 

Also taught is a composition for treating a lipid metabolism disorder comprising a compound 
which modulates a segment according to the invention and a phaimaceutically acceptable carrier. 

The invention further teaches a method for diagnosing ^ presence of or a predisposition for a 
lq)id metabolic disorder in a subject by detecting a gennline alteration in a segment of the 
invention in the subject, comprising comparing the germline sequence of a segment of the 
invention from a tissue sample from &e subject with the germline sequence of a wild-type of 
the segment, wherein an alteration in the germline sequence of the subject indicates the presence 
of or a predisposition to the lipid metabolic disorder. The comparing may be performed by a 
method selected from the group consisting of inununoblottmg, immunocytochemistry, en^me- 
linked immunosorbent assay, DNA fingerprinting, in situ hybridization, polymerase chain 
reaction, reverse transcription polymerase chain reaction, ladioioununoassay, 
immunoradiometric assay and iimnunoenzymatic assay. 

The invention further teaches a method for identifying a compound which inhibits or promotes 
the activity of a polynucleotide, wherein the polynucleotide encodes a mammalian delta-6- 
desatuiase, comprising the steps ot (a) selecting a control animal having the polynucleotide and 
a test animal having the polynucleotide; (b) treating the test animal using a compound; and» (c) 
determining the relative quantity of an expression product of the polynucleotide, as between the 
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control atiimal and the test fltMrnat 

The invention teaches a method for identifying a compound which inhibits or promotes the 
activity of a mammalian delta-6-desaturase, comprising the steps of: (a) selecting a host ceU of 
the invention ; (b) cloning the host cell and separating the clones into a test group and a control 
group; (c) treating the test group using a compound; and (d) detennining the relative quantity of 
an expression product of an e^cpression polynucleotide operably linked to the polynucleotide 
segment, as between the test group and the control group. 

The invention teaches a method for identifying a compound which inhibits or promotes the 
activity of a Tnamm aliaTi delta- 6-desaturd2ie, comprising the steps of: (a) selecting a test groiqi 
haying a host cell of the invention a part thereof or an isolated polynucleotide thereof and a 
control group; (b) treating the test group using a compound; and (c) determining the relative 
quantity or relative activity of a product of the polynucleotide segment or of the polynucleotide 
segment, as between the test group and the control group. 

The invention teaches a method for identifying a compound which inhibits or promotes the 
activity of a mammalian delta-6^esaturase» comprising the steps of: (a) selecting a control 
animal having a polypeptide segment of the invention and a test anunal having die polypeptide 
segment; (b) treating the test animal using a compound; (c) detennining the relative quantity or 
relative activity of an expression product of the polypeptide segment or of the the polypeptide 
segment, as between the conirol animal and ihe test animal 

The relative activity of the expression product may be determined by assaying for a conversion 
of 18:2n6to22:5n6. The relative activity of the expression product may be detennined by 
assaying for a conversion of 18:3n3 to 22:6n3. The relative activity of the expression product 
may be determined by assaying for a conversion of 16:0 to 22:4n9. 

The invention further teaches a use of a method according to the invention for identifying a 
modulator that modulates lipid metabolism disorders. 

The invention also teaches a composition for treating a lipid metabolism disorder comprising a 
compound identified by any one of the methods of the invention and a pharmateutically 
acceptable 

The invoitioD teaches a method for diagnosing the presence of or a predisposition for a lipid 
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metabolism disorder in a subject by detecting a germline alteration in a polynucleotide of tiie 
invention in the subject, wherein the polynucleotide encodes a mammalian delta-6- 
desaturaseconq)ri5ing comparing the germline sequence of tiie pol3aiucleotide from a tissue sample 
from &e subject witti the germline sequence of a wild-type of tiie polynucleotide, wherein an 
alteration in the germline sequence of the subject indicates the presence of or a predisposition to the 
lipid metabolism disorder. The method may be selected from the group consisting of 
immunoblottingj inaanunocytochemistiy, enzyme-linked immunosorbent assay, DNA fingerprinting, 
in situ hybridization, polymerase chain reaction, reverse transcription polymerase chain reaction, 
radioimmunoassay, immunoFadiometric assay and immunoenzymatic assay. 

The invention further teaches a method for diagnosing the presence of or a predisposition for a lipid 
metabolic disorder in a subject, comprising comparing the polypeptide sequence of a control region 
of deita-6-desaturase from a tissue sample from the subject with the sequence of a wild-type of the 
delta-6-desaturasc, wherein an alteration m the sequence of the subject as compared to the wild-type 
indicates the presence of or a predisposition to the lipid metabolic disorder. 

The invention iurther teaches a method for identifying a compound which inhibits or promotes 
the activity of control regions of mammalian delta-6- and/or delta-5-desatuiases, comprising the 
steps of: (a) selecting one or more host cells comprising the polynucleotides, wherein such host 
cells are heterogeneous to tiie polynucleotides; (b) cloning the host cells and separating the 
clones into a test group and a control groiq); (c) treating the test group using a confound; and 
(d) detennining the relative quantities of expression products of Gperably linked polynucleotides 
to the control regions, as between the test group and the control groi^. Also taught is a 
composition for treating a lipid metabolism disorder comprising a compound identified by a 
method of the invention and a pharmaceutically acceptable carrier. 

The invention also teaches a conq>ound identified by the methods of the invention. The 
invention further teaches the use of a compound as the inventioned in the invention for treating a 
lipid metabolism disorder. 

A host cell of the invention may be a spheroplast The spheroplast may be a Saccharomyces 
cerevisiae. 

The disorders of the invention may be selected from the group consisting of atopic eczema, 
mastalgia, rheumatoid arlfaritis, Sjogren's syndrome, ga<{lrointBstmal disorders, vfral infections 
andpostviial &tigue, pie-menstnial syndrome, endometriosis, cystic fibrosis, schizophrenia, 
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alcoliolism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, cardiovascular 
disease, cancer, diabetes and diabetic conq>lications. The diabetic complication may be selected 
fipom the gcoop consisting of diabetic neuropathy, nephzopafhy and retinopathy. 

The compounds of the invention may be selected fix)m the group consisting of small organic 
molecules, peptides, polypeptides, antisense molecules, oligonucleotides, polynucleotides, fatty 
acids and derivatives thereof 

The invention further teaches the use of a composition of the invention for treating a lipid 
metabolic disorders. 

These and other advantages and features of novelty, which characterize the invention, are pointed out 
with particularity in the inventions annexed hereto and fatmiiig a part hereo£ For a better 
understanding of the invention, its advantages, and objects obtained by its use, reference may be 
made to tiie accompanying drawings and descriptive matter, in which tiiere is illustrated and 
described pre^ferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following descrqition, the invention will be e}q)lained in detail with the aid of the 
accompanying figures, whidi illustrate preferred embodiments of the present invention and in which: 

Figure 1 shows the nucleic acid sequence (SEQ ID NO:l) of the rD6D-l control region; 

Figure 2 shows the nucleic acid sequence (SEQ ID N0:2) of the hD6D-l control region; 

Figure 3 shows the nucleic acid sequence of the iD6I>-l coding portion of tiie fatty add desaturase 
gene; 

Figure 4 shows the nucleic acid sequence of the I1D6D-I coding portion of the &tty add desaturase 
gene; 

Figure 5 shows the amino acid sequences of the native rD6D-l and C-tenninal tagged enzymes, 
respectively; 
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Figure 6 shows fhe amino acid sequences of the natiye hD6D-l and C-terminal tagged enzymes, 
respectively; 

Figure 7 shows the relative locations of the human "desaturase l"(hD5D), "desaturase T (hD6D-2) 
and ''desaturase 3"(hD6D- 1) genes on a segment of DNA from chromosome 1 1 ; 

Figure 8 shows alternative splicing sites for exon 1 of the hDS£) gene. "CRE^ Tnpanc cAMP 
responsive element. 

Figure 9 shows tiie genomic exon-introin organization of hD5D, hD6D-2 and hD6D-l; 

Figure 10 illustrates a transmembrane hidden Markov model prediction for the hD5D gene; 

Figure 1 1 shows the multiple alignments for fatty acid desatuiases of difTeient organisms 
highlighting tiie cytochrome bs motif and conserved histidine boxes. Identical or hig^y conserved 
residues are shaded; 

Figure 12 is a dendogram showing the similarities or relatedness of the three human &tty acid 
desaturases to &tty add desaturases from other organisms; 

Figure 13 is a schematic representation of plasmid pYr5003.1 (7104 bp). Hie rat delta-6-desatuiase-l 
coding sequence is shown between restriction sites for Xbdl and HindSl\ 

Figure 14 is a schematic representation of plasmid pTr5004.1 (7207 bp) that contains the N-tenninal 
tags. The rat delta-S-desaturase 1 coding sequence is shown between restriction sites iKsiXbai and 

Figure 1 5 is a schematic representation of plasmid pYhSOOl .2 (71 16 bp). The human delta-6- 
desaturase 1 coding sequence is shown between restriction sites iKxtXbdi and HindHl; 

Figure 16 is a schematic representation of plasmid pTh5 002.1 (7207 bp), which contains tiie N- 
terminal tags. The human delta-6-desatQrase 1 coding sequence is shown between restriction sites for 
XbalBXidHlndni; 

Figure 17 is a schematic representation of plasmid pRr4001 .1. The rat delta-6-de5aturase 1 control 
region is shown between restriction sites for and SacJ; 
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Figure 18 is a schematic rqiresentation of plasmid pRli4002.1. The human delta-6-clesatixrase 1 
contiol region is shown between the two restriction sites for I^nl\ 

Figure 19 is a schematic representation of plasmid pOh4015.1 . The human delta-6-desaturase 1 
control region is shown between restriction sites for Xhol and Kpnl; 

Figure 20 illustrates the expression of the CAT reporter gene under the control of tiie rat (pRr4001. 1) 
or the human (pKli4002.1) delta-6-desaturase 1 gene control region as compared to its expression 
fix)m the SV40 promoter (pCAT-3-CTL) after transfection in ZR-75-1 cells. The levels of expression 
were determined by the CAT enzymatic activity and expressed relative to the pCAT-3-CTL. The 
empty vector (pCAT-3-£nhancer) was also transfected as a negative control. Bars indicate standard 
deviation from three experiments; 

Fignre 21 shows a Ifigfa Perfonnance Liquid Chromatographic (HPLC) analysis of zadiolabelled 
methyl esters of fatty acids from yeast transformed with pY£S2 (pmel A) or pYr5003.1 (panel'B) 
incubated with linoleic acid, [l-*^C]-18:2n-6; 

Figure 22 shows a gas chromatographic analysis of methyl esters of fatty acids from yeast 
transformed with pY£S2 (panel A) or pYr5003.1 (panel B) incubated with linoleic acid, 18:2n-6. 
The arrow indicates the presence of a new &tty acid, gamma-linolenic add, 18:3n-6. The conmion 
peaks to both yeast were identified as: a, 14:0; b, 16:0; c, 16:ln-7; d, 18:0; f, 18:ln-9; 

Figure 23 shows the percent conversion of alpha-linolenic acid (1 8:3n-3) into 1 8:4n-3 in 
SaccJiaromyces cerevisiae cells transformed with pYr5003.1 at difOerent induction time points with 
galactose; 

Figure 24 iUustrates the percentage of radioactivity from [l-'^C]-18:3n-3 recovered in ^heroplasts 
and yeast whole cells transfbimed with pYr5003. 1 ; 

Figure 25 illustrates the percentage of radioactivity from [l-**C]-24:4n-6 recovered in spheroplasts 
and yeast whole cells transformed with pYr5003.1; and 

Fignre 26 illustrates the percentage of delt8-6-desatuiBtxon of [l-^^C]-18:3n-3 in spheroplasts and 
yeast whole cells transformed with pYrS003.1. 
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DETAILED DESCKIPTION OF THE INVENTION 

The present inventioa lias evolved from observations that oral supplementation of naturally occmring 
fatty acids has had some therapeutic benefit in counteracting existing metaboUc deficiencies 
prevalent in certain disease conditions. Using this observation, nutritional and pharmaceutical 
prodncts have hitherto be^ developed using oils rich in selected fatty acids. 

However, to address new strategies for therapeutic intervention, it is necessary to go beyond the 
measurement of hpid levels and Upid supplementation and directly measure actual enzyme activities 
and the regulation of e^qpression of the genes from which these enzymes are encoded. The human 
genes that are uniquely involved and responsible for expressing the various enzymes utiHzed along 
these pathways have hiflierto been mostly nnchatacterized. 

In this regard, the develc^ment of an experimental model that can be manipulated to study ^ 
expression of genetic material isolated from humans and other species is beneficial in establishing 
the role and fimction which these genes and their encoded proteins exhibit in PUFA metabolism. 
This is particularly so in recognition of the f&ct that the relationship between a protein's unique role 
in a metabolic pathway and the expression of the gene encoding that protein is normally a well 
coordinated event such that subtle deviations can lead to abnormal physiological processes. 
Moreover, such a system would &cilitate the discovery and identification of candidate drug targets 
e£fective in correcting abnormalities or imbalances in lipid metabolic changes associated with certain 
pathological conditions, such as diabetic neuropathy. 

The invention teaches (1) the isolation, cloning and identification of the control region (i.e. promoter 
and other regulatory elements) of both a human and a rat fatty acid desaturase gene and (2) the use of 
the desaturase gene control region in drug screening methods to identify test components which can 
effectively modulate desaturase gene expression. The present invention incorporates the knowledge 
that the particular genetic elements, whidi are responsible for controlling desaturase gene expression, 
can be isolated independently of the desaturase gene encoding region (ie. amino acid coding 
sequences) and, therefore, be employed to assay for agents that modulate desaturase gene expression. 

The utihty of such genetic control and regulatory elements ranges from their use as tissue specific 
promoters that drive gene expression to the fine-tuning of metabolic processes involved in 
biochemical pa&ways. Accordingly, cloning of the control regions of the desaturase genes provides 
a powerful tool for dissecting the role of desaturase gene expression and inducing modifications 
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thereof wfaicb can eliminate or control alterations associated witibi metabolic disorders. Therefore, 
tbe identification and characterization of the control regions of desaturase genes allow us to identify 
and understand the role of discrete regulatory elements located in desaturase control regions as well 
as to discover potential pharmacological modulators of desaturase gene expression. 

Anofter object of the invention is to provide methods that arc designed to screen for nucleotides, 
proteins, compounds or phannacological agents that regulate the level of expression of the genes that 
encode fatty add desaturase enzymes, i.e. various components that act as enhancers or inhibitors of 
desaturase gene expression and hence, modify the desaturase enzyme concentration in tissues. To 
this end, cell-based and/or cell lysate assays are used to detect con^onents that modulate the 
transcriptional activity of the desaturase genes. Such experimental methods make it possible to 
screen large collections of natural or syndietic compounds for therapeutic agents ttiat affect 
desaturase gene expression. 

Therefore, an object of the present invention is to proWde methods for the screening of nucleotides, 
proteins, compounds or pharmacological agents that modulate &tty acid desaturase enzyme activity. 
i.e. various components that act as enhancers or inhibitors of desaturation and hence, modify 
unsaturated fatty acid biosynthesis. To this end, cell-based and/or cell lysate assays are used to detect 
components that modulate the activity of the desaturase enzymes. Such experimental mediods make 
it possible to screen large collections of natural or syn&etic compounds for therapeutic agents that 
affect desaturase enzyme activity. 

For example, when an unsaturated fatty acid metabolite is to be produced in vivo, the substrate for the 
corresponding fetty acid desaturase will normally already be present In the case where the 
enzymatic activity of a native fatty acid desaturase is allered, the administration of an appropriate 
therapeutic agent can remedy this alteration through its direct action on the enzyme. As a result, tiie 
native desaturase can ultimately act on its substrate, abeady present in the cell, and in vivo synthesis 
of the required &tty add product is achieved. Accordingjiy, desaturase activity can dfher be restored 
or increased in conditions where such activity essential to fatty add biosynthesis is abnormal. 

Similarly, in the case where expression of a native desaturase gene is reduced, the administration of 
an appropriate therapeutic agent can remedy this effect through its direct action on functional or 
regulatory elements within the control region of &e desaturase gene. As a result, inoreased 
expression of the gene takes place and hence, in vivo synthesis of the required desaturase enzyme is 
restored or increased in conditions where such activit>' essential to fatty add biosyntfiesis is 
abnormal. 
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Therefore, isolated nucleic acid sequences encoding these desatinase enzymes have utility in 
constructing in vivo and/or in vitro experimental models for identifying test components which 
modulate mammalian fatty acid desaturase activity and/or the level and regulation of desaturase gene 
expression* Furthermore, the modulation or regulation of fatty acid desaturase enzyme activity or 
gene expression by various test components will be identified by the methods disclosed herein and 
hence, be used to reduce disease processes or symptoms. 

It is understood that the present invention is not limited to the particular methodology, protocols, cell 
lines, vectors, and reagents described herein. Generally, the laboratory procedures in cell culture and 
molecular genetics described below are those well known and commonly employed in the art 
Standard techniques are used for recombinant nucleic acid methods, polynucleotide synthesis, 
microbial culture, transformation, Iransfection, etc. Generally, enzymatic reactions and purification 
steps are performed according to the manufacturer's specifications. Although any methods and 
materials similar or equivalent to those described herein can be used in the practice or testing of the 
present mvention, the preferred methods, devices, and materials are described below. 

Definitions 

The following illustrative 63q)lanation5 are provided to facilitate understanding of certain terms used 
fiieqnently herein. The explanations are provided as a convenience and are not limitative of the 
invention. 

Agonist refers to any molecule or pharmaceutical agent, such as a drug or hormone, which enhances 
the activity of another molecule. 

Antagonist refers to any molecule or pharmaceutical agent, such as a drug or honnone, i;^ch 
inhibits or extiiiguishes the activity of another molecule. 

Chemical Derivative. As used herein, a molecule is the to be a "chemical derivative" of another 
molecule when it contains additional chemical moieties not nonnally a part of the molecule. Such 
moieties can improve the molecule's solubility, absoiption, biological half-life, and the like. The 
moieties can alternatively decrease the toxicity of the molecule, eliminate or attenuate any 
undesirable side effect of the molecule, and the like. Moieties capable of mediating such effects are 
disclosed m Mack E.W., 1 990, Remington 's Pharmaceutical Sciences, Mack Publishing Company, 
Easton, Fa., 13*^ edition. Procedures for couplmg such moieties to a molecule are well known in the 

-14- 



SUBSTITUTE SHEET (RULE 26) 



wo 01/70993 PCT/CAOl/00398 
art 

Compositions incladc genes, proteins, polynucleotides, peptides, compounds, drugs, and 
pharmacological agents. 

Control region refers to a nucleic acid sequence capable of, or required for, assisting or impeding 
initiation, temunation, or otherwise regulating the transcnptioa of a gene. The control region may 
include a promoter, enhancer, silencer and/or any other regulatory element A control region also 
includes a nucleic acid sequence &at miay or may not be independently or exclusively sufficient to 
initiate, terminate, or otherwise regulate transcription, however, is capable of effecting sudi 
regulation in association with other nucleic acid sequences. 

Delta-5-Desaturase (DSD) is an enzyme that is capable of introducing a double bond between 
carbons 5 and 6 &om the caiboxyl group in a fatty acid molecule. 

])eita-6'-Desaturase (D6D) is an enzyme which is capable of introducing a double bond between 
carbons 6 and 7 from the carboscyl grot^ in a £atty acid molecule. 

Desaturase refers to a £Eitty acid desaturase, which is an enzyme capable of generating a double bond 
in the hydrocaibon region of a fatty acid molecule. 

Disorder as used herem refers to derangement or abnormality of structure or function. Disorder 
includes disease. 

Drug. Drugs include, but are not limited to proteins, peptides, degenerate peptides, agents purified 
&om conditioned cell medium, organic molecules, inorganic molecules, antibodies or 
oligonucleotides. The drug can be naturally occurring or synthetically or recombinantly produced. 

£nhancer is a nucleic acid sequence comprising a DNA regulatory element that enhances or 
increases transcription when bound by a specific transcription factor or factors. Moreover, an 
enhancer may function in either orientation and in any location (upstream or downstream relative to 
the promoter) to effect and generate increased levels of gene expression when bound by specific 
&ctDrs. In addition, according to the present invention, an enhancer also refers to a compound (i.e. 
test conapound) that increases or promotes the enzymatic activity of the fatty acid regulated gene, 
and/or increases or promotes the transcription of the gene. 
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Fatty Acids are a class of compounds coinprising a long saturated or mono or polymisaturated 
hydrocarbon chain and a terminal carboxy] group. 

Functional Derivative. A "functional derivative" of a sequence, either protein or nucleic acid, is a 
molecule that possesses a biological activity (eidier functional or structural) that is substantially 
similar to a biological activity of the protein or nucleic acid sequence. A functional derivative of a 
protein can contain post-translational modifications such as covalendy linked carbohydrate, 
depending on the necessity of such modifications for the performance of a specific fimction. The 
term "functional derivative" is intended to include the "ftagments," "segments," "variants," 
"analogs," or "chemical derivatives" of a molecule. 

Gene refers to a nucleic acid molecule or a portion thereof, the sequence of wliich includes 
information required for flie production of a particular protein or polypeptide chain. A fuU-lenglh 
sequence or any portion of the coding sequence can encode the polypeptide, so long as the functional 
activity of the protein is retained. A gene may comprise regions preceding and following the coding 
region as well as intervening sequences (introns) between individual coding segments (e;^ons). A 
"heterologous" region of a nucleic acid construct (Le. a heterologous gene) is an identifiable segment 
of DNA within a larger nucleic acid construct that is not found in association with the other genetic 
components of the construct in nature. Thns, when the hetarologous gene encodes a mammalian &tty 
acid regulated gene, a promoter that does not flank the structural genomic DNA in the genome of the 
source organism will usually flank the gene. 

Host system may comprise a cell, tissue, organ, organism or any part thereof, which provides an 
environment or conditions that allow for, or enable, transcription and/or transcription. 

Identity, slmflarity, homology or homologons, refer to Telationshq}s between two or more 
polynucleotide sequences, as determined by comparing the sequences. In the art, identity also means 
the degree of sequence relatedness between polynucleotide sequences, as the case may be, as 
determined by the match between strings of such sequences. Both identity and similarity can be 
readily calculated (Lcsk A.M., cd., 1988, Computational Molecular Biology, Oxford University 
Press, NY; Smith D.W., ed., 1993, Biocomputing: Informatics and Genome Project, Academic Press, 
NY; QrifBn A.M. and Gxiffm H.G., eds., 1994, Compute Analysis of Sequence Data, Part L 
Humana Press, NJ; von Heijne G., 1987, Sequence Analysis in Molecular Biology^ Academic Press, 
NY and Gribskov M. and Devereux J., eds., 1991, Sequence Analysis Primer^ M Stockton Press, 
NY). While there exist a number of methods to measure identity and similarity between two 
polynucleotide sequences, both terms are well known to skilled artisans (von Heijne G., 1987, 
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Sequence Analysis in Molecular Biology, Academic Press, NY; Gribskov M. and Deverenx J., eds.^ 
199 1, Sequence Analysis Primer, M Stockton Press, NY; Carillo H. and Lipman D.» 1988, SIAM J. 
Applied Math,, 48; 1073). Methods commonly employed to dctennine identity or similarity between 
sequences include, but are not limited to ttiose disclosed in Carillo H. and Lipman D., 1988, SIAM J. 
Applied Math,, 48: 1073. Methods to determine identity and similarity are codified in computer 
programs. Computer program methods to determine identity and similarity between two sequences 
include, but axe not limited to, GCG program package (Devereux et aL, 1984, NucL Acid Res., 12: 
387-395), BLASTP, BLASTN and FASTA (Altschul et al., 1990, J. Molec, Biol, 215: 403-410). 

Isolated means altered "by the hand of man" from its natural state; i.e., that, if it occurs in nature,, it 
has been changed or removed from its original environment, or both. For example, a naturally 
occurring polynucleotide naturally present in a living organism in its natural state is not "isolated," 
but the same polynucleotide separated from coexisting materials of its natural state is "isolated", as 
the term is en^loyed herein. As part of or following isolation, such polynucleotides can be joined to 
other polynucleotides, such as DNA, for mutagenesis, to form fusion proteins, and for propagation or 
e3q)ression in a host, for instance. The isolated polynucleotides, alone or joined to other 
poljoiucleotides such as vectors, can be introduced into host cells, in culture or in whole organisms. 
Introduced into host cells in culture or in whole organisms, such DNA still would be isolated, as the 
term is used herein, because they would not be in their naturally occurring form or environment 
Similarly^ the polynucleotides may occur in a composition, such as a media fonnulations, solutions 
for introduction of polynucleotides, for example, into cells, compositions or solutions for chemical or 
enzymatic reactions, for instance, which are not naturally occurring compositions, and, therein 
remain isolated polynucleotides within the meaning of that term as it is employed herem. 

Mutation, A "mutation" is any detectable change in the genetic material. A mutation can be any (or a 
combination of) detectable, unnatural change affecting flie chemical or physical constitution, 
mutability, replication, phenotypic function, or recombination of one or more deoxyribonucleotides; 
nucleotides can be added, deleted, substituted for, inverted, or ttansposed to new positions with and 
without inversion. Mutations can occur spontaneously and can be induced experimentally by 
application of mutagens or by site*directed mutagenesis. A mutant polypeptide can result from a 
mutant nucleic acid molecule. 

Nncleic acid constrnct refers to any genetic element, includmg, but not limited to, plasmids and 
vectors, that incorporate polynucleotide sequences. For example, a nucleic acid construct may be a 
vector comprisiog a promoter or control region that is qperably linked to a heterologous gene. 

-17- 



SUBSTITUTE SHEET (RULE 26) 



wo 01/70993 



PCT/CAOl/00398 



Operably linked as used hcreui indicates the association of a promoter or contiol region of a nucleic 
acid construct vfifh a heterologous gene such that the presence or modulation of the promoter or 
control region influences tiie transcription of the heterologous gene, including genes for reporter 
sequences. Operably linked sequences may also include two segments that are transcribed onto the 
same KNA transcript. Thus, two sequences, such as a promoter and a "reporter sequence" are 
operably linked if transcription conuncndng in the promoter produces an SNA transcript of &e 
reporter sequence. 

Plasmids. Starting plasmids disclosed herein are either commercially available, publicly available, or 
can be constructed j&om available plasmids by routine application of well-known, published 
procedures. Many plasmids and other cloning and expression vectors that can be used in accordance 
with the present invention are well known and readily available to those of skill in the art Moreover, 
tiiose of skill readily may constrDct any mmiber of other plasmids suitable for use in the invention. 

PDlynacleotides(s) of the present invention may be in the form of RNA, such as mENA, or in the 
form of DNA» including, for instance, cDNA and genomic DNA obtained by cloning or produced by 
chemical synthetic techniques or by a combination thereof The DNA may be double-stranded or 
single-stranded. Single-stranded polynucleotides may be the coding strand, also known as the sense 
strand, or it may be the non-coding strand, also referred to as the anti-sense strand. Polynucleotides 
generally refer to any polyribonucleotide or polydeoxribonucleotide, which may be unmodified KNA 
or DNA or modified KMA or DNA. Thus, for instance, polynucleotides as used herein refers to, 
among others, single-and double-stranded DNA, DNA that is a mixture of single- and double- 
stranded regions or single-, double- and triple-stranded regions, single- and double-stranded RNA, 
and RNA that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA 
and RNA that may be single-stranded or, more typically, double-stranded, or triple-stranded, or a 
mixture of single- and double-stranded regions. In addition, polynucleotide as used herein refers to 
trtple-struuied regions comprising RNA or DNA or both RNA and DNA. The strands in such regions 
may be from the same molecule or firom different molecules. The regions may include all of one or 
more of the molecules, but more typically involve only a region of some of the molecules. One of the 
molecules of a triple-helical region often is an oligonucleotide. As used herein, the term 
polynucleotide also includes DNA or DNA that contain one or more modified bases. Thus, DNA or 
DNA wi& backbones modified for stability or for other reasons are "polynucleotides" as that term is 
intended herein. Moreover, DNA or DNA conoprising imnsual bases, such as inosine, or modified 
bases, such as tritylated bases, to name just two exano^les, are polynucleotides as the term is used 
herein. It will be appreciated that a great variety of modifications have been made to DNA and RNA 
that serve many useful purposes known to those of skill m the art The term polynucleotide as it is 
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employed herein embntces such chemically, enzymatically or metabolically modified fonas of 
polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and cells, 
including simple and complex cells, inter alia. Polynucleotides embraces short polynucleotides often 
referred to as ohgonucleotide(s). It will also be q)preciated that RNA made by transcription of this 
doubled stranded nucleotide sequence, and an antisense strand of a nucleic acid molecule of the 
invention or an oligonucleotide fiagmcnt of the nucleic acid molecule, are contemplated within the 
scope of the invention. An antisense sequence is constructed by inverting the sequence of a nucleic 
add molecule of the invention, relative to its normal presentation for transcrqition. Preferably, an 
antisense sequence is constructed by inverting a region preceding the initiation codon or an 
unconserved region. The antisense sequences may be constructed using chemical synthesis and 
enzymatic ligation reactions using procedures known in the art. 

Promoter refers to a nucleic acid sequence comprising a DNA regulatory element capable of binding 
RNA polymerase directly or indirectly to initiate transcription of a downstream (3' direction) gene. In 
accordance with flie present invention, a promoter of a nucleic acid construct lhat includes a 
nucleotide sequence, wherein die nucleotide sequence may be linked to a heterologous gene such that 
the induction of the promoter influences the transcription of the heterologous gene. 

Purified. A "purified" protein or nucleic acid is a protem or nucleic acid preparation that is generally 
free of contaminants, whether produced recombinantiy, chemically synthesized or purified from a 
natural source. 

Recombinant refers to recombined or new combinations of nucleic acid sequences, genes, or 
fragments thereof which are produced by recombinant DNA techniques and are distinct from a 
naturally occurring nucleic acid sequence 

Regulatory element refers to a deoiqnribonucleotide sequence comprising the whole, or a portion of, 
a nucleic acid sequence to vvbicb. an activated transcriptional regulatory protein, or a complex 
comprising one or more activated transcriptional regulatory proteins, binds so as to transcriptionally 
modulate the e3q>ression of an associated gene or genes, including heterologous genes. 

Reporter gene is a nucleic acid coding sequence whose product is a polypeptide or protein that, is 
not otherwise pTodnced by the host cell or host system, or which is produced in minimal or negligible 
amounts in the host ceU or host system, and which is detectable by various known methods such tiiat 
the reporter gene product may be quantitatively assayed to analyze the level of transcriptional activity 
in a host ceU or host system. Examples include genes for luciferase, chloramphenicol acetyl 
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transferase (CAT)» beta-galactosidase, secxeted placental alkaline phosphatase and other secicted 
enzymes. 

Silencer refers to a nucleic acid sequence or segment of a DNA control region such that the presence 
of the silencer sequence in the region of a target gene suppresses the transcription of the target gene 
at the promoter through its actions as a disciete DNA segment or through the actions of trans-acting 
fectors that bind to tiiese genetic elements and consequently effect a negative control on the 
expnession of a target gene. 

Stringent hybridization conditions are those which are stringent enough to provide specificity, 
reduce the number of mismatches and yet are sufBciehtly flexible to allow formation of stable 
hybrids at an acceptable rate. Such conditions are known to those skilled in the art and are described, 
for example, in Sambrook et al., 1989, Molecular Cloning, 2nd Edition, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbour, NY or Ausubel et al., 1994-, Current Protocols in Molecular 
Biology, John Wiley & Sons, NY. By way of exanq>le only, stringent hybridization with short 
nucleotides may be carried out at 5-10**C below the using high concentrations of probe such as 
0.01-1.0 pmole/ml. Preferably, the term "stringent conditions" means hybridization will occur only if 
there is at least 95% and preferably at least 97% identity between the sequences. 

Tag refers to a specific short amino acid sequence, or the oligonucleotide sequence that encodes it, 
wherein ttie amino acid or nucleic acid sequence may comprise or encode, for example, a c-myc 
epitope and/or a string of six histidine residues recognizable by commercially available antibodies. In 
practice, a tag facilitates the subsequent identification and purification of a tagged protein. 

Tagged protein as used herein refers to a protein comprising a linked tag sequence. For example, a 
tagged protein includes a mammalian fatty acid regulated polypeptide linked to a c-myc epitope and 
six histidine residues at the carboxyl terminus of the amino acid sequence. 

Test compounds as used herein encompass small molecules (e.g. small organic molecules), 
phannacological compounds or agents, peptides, proteins, antibodies or antibody fragments, and 
nucleic acid sequences, including DNA and RNA sequences. 

Transfecdon refers to a process whereby exogenous or heterologous DNA Q.e. a nucleic acid 
construct) is introduced into a recipient eukaryotic host cell. Therefore, in eukaryotic cells, the 
acquisition of exogenous DNA into a host cell is referred to as transfection. In prokaryotes and 
eukaryotes (for example, yeast and mammalian cells) mtroduced DNA may be maintained on an 
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episomal element such as a plasmid or integrated into the host genome. With respect to enkaryotic 
cells, a stably transfected cell is one in which the introduced DNA has become integrated into a 
chromosome so that it is inherited by daughter cells through* chromosome replication. This stability is 
demonstrated by the ability of the eukaryotic cell to establish cell lines or clones comprised of a 
population of daughter cells containing the introduced DNA. 

Transformation refers to a process hereby exogenous or heterologous DNA (i.e. a nucleic acid 
construct) is introduced into a recipient prokaiyotic host cell Therefore, in prokaryotic cells, die 
acquisition of exogenous DNA into a host cell is referred to as transfonnation. Transformation in 
eukaryotes refers to the conversion or transformation of eukaryotic cells to a state of unr^trained 
growth in culture, resembling a tumorigenic condition. In prokaryotes and eukaryotes (for example, 
yeast and maromalian cells) introduced DKA may be maintained on an episomal element such as a 
plasmid or integrated into the host genome. With prokaryotic cells, a stably transformed bacterial cell 
is one in which the introduced DNA has become integrated into a diromosome so that it is inherited 
by daughter cells Ihrougfh chromosome replication. This stability is demonstrated by the ability of the 
^ prokaryotic cell to establish cell lines or clones comprised of a population of daughter cells 
containing the introduced DNA. 

Transfecdon/transformation as used herein refers to a process whereby exogenous or heterologous 
DNA (e.g. a nucleic acid construct) has been introduced into a eukaryotic or prokaryotic host cell or 
into a host system. 

Variant(s) of polynucleotides are polynucleotides that differ in nucleotide sequence from another, 
reference polynucleotide. A "variant" of a protein or nucleic acid is meant to refer to a molecule 
substantially similar in structure and biological activity to either the protein or nucleic acid. Thus, 
provided that two molecules possess a common activity and can substitute for each other, they are 
considered variants as that term is used herein even if the composition or secondary, tertiary, or 
quaternary structure of one of the molecules is not identical to that found in the other, or if the amino 
acid or nucleotide sequence is not identical Generally, differences are limited so that the nucleotide 
sequences of the reference and the variant are closely similar overall and, in many regions, identical. 
Changes in the nucleotide sequence of the variant may be silent. That is, they may not alter the amino 
acids encoded by the polynucleotide. Where alterations are limited to silent changes of this type a 
variant will encode a polypeptide or polynucleotide with the same amino add sequence as the 
re£Bience. Changes in the nucleotide sequence of the variant may alter the amino acid sequence of a 
polypeptide encoded by the reference polynucleotide. Such nndeotide changes may result in amino 
acid substitutions, additions, deletions, fusions and truncations in the polypeptide or polynucleotide 
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encoded by the reference sequence. 

Vector is a plasmid or phage DNA or other DNA sequence into which DNA can be inserted to be 
cloned. The vector can replicate autonomously in a host cell, and can be further characterized by one 
or a small number of endonuclease recognition sites at which such DNA sequences can be cut in a 
determinable fashion and into which DNA can be inserted. The vector can further contain a marker 
suitable for use in the identification of cells transformed wifh the vector. Markers, for example, are 
tetracycline resistance or ampicillin resistance. The words "cloning vehicle" are sometimes used for 
**vector." 

It will be appreciated ^t the invention includes nucleotide or amino acid sequences which have 
substantial sequence homology with, respectively, the subject polynucleotides orpolypq)tides. The 
term "sequences having substantial sequence homologjr" means those nucleotide and amino acid 
sequences Tiiiich have slight or inconsequential sequence variations &om tiie subject polynucleotides; 
i.e. the homologous sequences function in substantially the same manner to produce substantially the 
same polypeptides as the actual sequences. The variations may be attributable to local mutations or 
structural modifications. It is expected that a sequence having 85-9Q% sequence homology with the 
DNA sequence of the invention will provide functional subject polypeptides which retain 
substantially the same biological function or activity as the polynucleotide encoded by the subject 
polynucleotides. Further embodiments of the invention arc polynucleotides that are at least 70% 
identical over &eir entire length to a subject polynucleotide, and polynucleotides which are 
complementary to such polynucleotides. Other embodiments are polynucleotides that comprise a 
region that is at least 80% identical over their entue length to a subject polynucleotide and 
polynucleotides complementary thereto. This includes polynucleotides at least 90% identical over 
their entire length to the same, and among these embodiments are polynucleotides with at least 95% 
homology. Furthemiore, those with at least 97% are highly preferred among those wi& at least 95%, 
and among tiiese those with at least 98% and at least 99% are particularly highly preferred, witii at 
least 99% being the more preferred. 

The present invention encompasses the use of individual coding (e.g. open reading firame) and non- 
coding portions (e.g. control region) of mammalian desaturase genes, preferably human and rat 
desaturase genes, in recombinant DNA constructs to enable their expression/operability in host 
systems for drug screening purposes. 

In accordance with the present invention, nucleic acid sequences which encode fatty acid desaturases, 
fragments of the nucleic acid sequences, tagged protein sequences or functional equivalents tiiereof 
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may be used in recombinant DNA constructs that direct the expression of desaturases in appropriate 
host systems. Due to the inherent degeneracy of the genetic code, other DNA sequences, which 
encode substantially the same or a functionally equivalent amino acid sequence* may be used to clone 
and express mammalian &tty acid desaturases. 

Furthermore, the nucleic acid sequences of the present invention can be engineered in order to alter a 
desaturase coding or control sequence for a variety of reasons, including but not limited to, 
alterations which modify the doning, processing and/or expression of the gene product For 
exazz^le, mutations may be introduced using techniques, which are well known in the ait, e.g. site- 
directed mutagenesis to introduce endonuclease recognition sites, to alter g^ycosylation patterns, to 
change codon preference, etc. 

In a particular embodiment, the invention encompasses polynucleotides encoding a functional rat 
delta-6-desaturase (cD6I>l) and a human delta-6-desaturase (hD6D-l) having the nucleic acid 
sequences illustrated in Figures 3 and 4, respectively. Hie deduced amino acid sequences encoded 
by the nucleic acid sequences of rD6D-l and ]iD6D-l are illustrated in Figure 5 and Figure 6 
respectively. 

In another embodiment, the invention encompasses novel oligonucleotides comprising the control 
region of rD6D-l and hD6I>l which are represented by the nucleic acid sequences of Figures 1 and 
2, respectively (SEQ ID NOs: 1 and 2). 

In yet another embodiment of the invention, a nucleic acid sequence encoding a mammalian 
desaturase is ligated to a heterologous sequence (e.g. tag or tags) to encode a tagged desaturase. A 
tagged desaturase is easily identified through the use of an antibody, which will specifically 
recognize and bind to the heterologous portion of the tagged fatty acid desaturase. Accordingly, a 
tagged desaturase is beneficial in determining whether the manunalian desaturase has been 
appropriately expressed in a host system. The caifooxyl terminal end of the mammalian desaturase 
polypeptide is ligated to a stretch of amino acid residues containing tags and in the present invention, 
is preferably the V5 and the 6xHis epitope tags which have the amino acid sequences represented as 
GKPIPNPLLGLDST and HHHHHH-COOH, respectively. The single-letter code for amino acids 
used is as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Be; K, Lys; L, Leu; M, 
Met; N, Asn; P, Pro; Q. Gin; R, Axg; S. Ser; T. Thr, V. Val; W. Tip; Y, Tyr. 

Furthermore, a tagged &tty acid desaturase may be engineered to contain a cleavage site located 
between the desaturase ammo acid sequence and the heterologous sequence (e.g. the tag), so that ths 
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desaturase may be cleaved away from the heteiologons moiety after purification. For example, a 
system described by Janknecht et al allows for Oie leady purification of non-denatured tagged 
proteins expressed in human cell lines (Janknecht et aL, 1991, Proc, Natl Acad Sci , USA, 88: 8972- 
8976). In this system, the gene of interest is subcloned into a vacdnia recombination plasmid such 
that the gene's open reading frame is translationally fused to an amino-terminal tag consisting of six 
histidine residues (6xHi3). Extracts from cells infected with recombinant vacdnia virus are loaded 
onto Ni^ nitrilotriacetic acid-agarose columns and histidine-tagged proteins are selectively eluted 
with iznidBzoIe^containing buffers. 

Cloning OFMAAdnddLUNDESATURASE Genes and Control Regions 

Techniques for cloning, sequencing, e}q)ressing and purifying polypeptides are well known to the 
skilled person. Various techniques are disclosed in standard tejctbooks, such as Sambrook et al., 
1989, Molecular Cloning, A Laboratory Mantdal, ^ edition. Cold Spring Harbour Press, Cold Spring 
Harbour, N.Y.; Old R.W. and Primrose S3,, 1994, Principles of Gene Manipulation, 3di Edition, 
Blackwell Scientific Publications, U.S.A.; and Ausubcl et al., 1994-, Curr&u Protocols in Molecular 
Biology, John Wiley & Sons, New York, N.Y. 

Primers may be designed using the Primer Premier software (Premier Biosoft International, Palo 
Alto, CA), Vector NTI (Informax, Inc., North Befliesda, MD), OLIGO 4.06 Primer Analysis software 
(National Biosciences hic, Plymouth, Minn.), or another appropriate program. Alternatively, the 
selected primer can be chosen based on cloning strategy without the aid of any software. 

Methods for DNA sequencing are well known in the art and employ such enzymes or commercially 
available kits as SEQUENASE (US Biochemical Corp, Cleveland Ohio)), Taq polymerase (Perkin 
Ehner, Norwalk Conn.), thermostable T7 polymerase (Amersham, Chicago 111.), or combinations of 
recpmbinant polymerases and proofreading exonucleases such as the ELONOASE amplification 
system marketed by Qibco BRL (Gaithersburg Md.). Preferably, the process is automated with 
instruments such as the LiCor DNA Sequencer Long Readir 4200, the Hamilton MICROLAB 2200 
(Hamilton, Reno Nev.), Peltier thermal cycler (PTC200; MJ Research, Watertown Me.) or die ABI 
377 DNA sequencers (Perkin Ehner). 

Mammalian Desaturase Genes 

According to the present invention, cDNAs were prepared from mKNA using RT-PCR (reverse 
transcriptase-polymerase chain reaction) (FCR Protocols: A Guide to Methods and Applications, 
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Innis, M., et al., Academic Press (1990)» San Diego, Calif) employing oligonucleotide forward and 
reverse primers. Initially, cDNA was generated through reverse transcription of total RNA that was 
extracted fix>m tissue specific for expressing maminalian fatty acid desatuiases using a set of random 
primers (Perkin-Elmer). Subsequent amplification of desaturase cDNA was achieved by PCR using 
forward and reverse primers specifically designed to correspond to the coding sequences for the 
rD6D-l and bD6D- 1 genes, ix. a forward primer which will hybridize or bind to the 5 -translated 
region of the antisense strand of the rI>6D-l or 1]D6D-1 encoding cDNA and a reverse primer which 
will hytxridize or bind to the 3*-translated region of the sense strand of the same desaturase cDNA 
molecule. 

The oligonucleotide primers designed for amplification of mammalian desaturase cDNA may 
advantageously comprise one or more endonuclease recognition sites to fiicilitate cloning into an 
expression vector following amplification by PCR. In the present invention, the forward and reverse 
primers used for cloning the mammalian desaturase genes contain a HindfR and a Xbal resdiction 
site, respectively. 

Optionally, an oligonucleotide primer may lack a translation initiation or tcnnination codon so long 
as such codons are provided in the cloning vector, which need be opemtively associated with the 
cDNA sequence encoding the mammalian desaturase (i.e. positioned upstream at the 5 -end or 
downstream at the 3 -end of the desaturase encoding sequence, respectively). In a preferred 
embodiment of the present invention, the translation initiation and termination codons are provided 
widiin the forward and reverse primer sequences, respectively, the exception being that the primers 
used to create the tagged constructs lacked tennination codons. 

Examples of forward and reverse primers that axe usefiil in cloning rD6D-l and hD6D-l cDNAs for 
insertion into expression vectors are listed below in Table 1. The endonuclease recognition sites are 
underlined and the translation initiation and termination codons are indicated in boldface type. 
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Table 1 



Forward -rD6D-l 
Reverse - rD6D-l 
Reverse - rD6D-l 
Forward - hD6D-l 
Reverse - hD6D-l 
Reverse - hD6D-l 



5'-CAOGCGMQCTTATGGGGAAGGGAGQTAACCAO-3' 

5'-CACGCGTCTAGATCATTTGTGGAGGTAGGCATC-3' 

5'-CAOQCGICIAGATTTGTGGAGQTAGQCATCCAG-3' 

5»-CA0GCGMGCTTATGGGGAAGGGAGGGAAC-J 

5'-CAOGACTCTAflAGGGGCTGTGGCITCATTTGT-3' 

y-CACQCG2CIAGATTTGTGAAGGTAGGCGTCCAG-3' 



In a preferred embodiment of the invention, an rD6D-l cDNA fragment (1.3 kb) spanning 
nucleotides +1 to +1335 was cloned by reverse transcription and PCR-amplification of total RNA 
extracted from rat liver tissue. To this end» the nucleotide sequence that encodes a frinctionally active 
rD6D-l is depicted in Figure 3 . The encoded rD6D- 1 is represented by the amino acid sequence 
depicted in Figure 5. 



In another preferred embodiment of the invention, an hD6D-l cDNA fragment (1.3 kb) spanning 
nucleotides +1 to +1335 was cloned from the human cell line Chang (ATCC No.CCl-13) by reverse 
transcription and PCR-amplification of total RNA. To this end, the nucleotide sequence that encodes 
a functionally active hD6I>l is depicted in Figure 4. The encoded hD6D-l is represented by the 
amino acid sequence depicted in Figure 6. 



MAmdAUANDESATURASB VECTOR CONSTRUCIS 



Methods which are well known to those skilled in the ait may be used to construct expression vectors 
containing nucleic acid sequences encoding mammalian desaturases and appropriate transcriptional 
and translational control elements. These methods include in vitro recombinant DNA techniques, 
^thetic techniques, and in vivo genetic lecombinatioa Such techniques are described in Sambrook 
et aL, 1 989, Molecular Cloning, A Laboratory Manual, 2^ edition^ Cold Spring Harbour Press, Cold 
Spring Harbour, N.Y. and Ausubel et al., 1994-, Current Protocols in Molecular Biology^ John 
Wiley & Sons. New York. N.Y 



It will be understood that not all vectors, expression control sequences and hosts will function equally 
well to express the DNA sequences of this invention. Neither will all hosts function equally well 
with the same expression system. However, one skilled in the art will be able to select the proper 
vectors, expression control sequences, and hosts without undue experimentation to accomplish the 
desired expression witiiout departing from the scope of this inventiou. Vos example, in selecting a 
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vector and/or an expression control sequence, a variety of factors will normally be considered. These 
include, for example, fhe relative strength of the expression, its controllability, and its compatibility 
with the particular nucleic acid sequence or gene to be expressed. Furthermore, in selecting a vector, 
the host must also be considered because the vector must be maintained and be functional within it. 
The vector's copy number, the ability to control that copy number, and the expression of any other 
proteins encoded by the vector, such as antibiotic markers, will also be considered. 

The ejqiression control sequence is the non-translated region of the vector (eg. enhancers, promoters, 
and 5'and 3' untranslated regions) which interact with host cellular proteins to carry out transcription 
and translation. Such elements may vary in their strength and specificity. Depending on the vector 
system and host utilized, any number of suitable transcription and translation elements, including 
constitutive and inducible promoters, may be used. For example, when cloning in bacterial systems, 
inducible promoters such as the T7 promoter of pET9 (Promega), temperature sensitive promoters, or 
an osmotically sensitive promoter of pOSHX (Herbst et al., 1994, Gene, 151: 137-142) and the like 
may be used The baculovirus polyhedrin promoter and the like may be used in insect cells. 
Promoters or enhancers derived from tbe genomes of plant cells (e.g. heat shock, RUBISCO, and 
storage protein genes) or from plant viruses (e.g., viral promoters or leader sequences) may be cloned 
into the vector. In mammalian cell systems, promoters from manunahan genes or mammalian 
viruses are preferable. 

Suitable hosts will be selected by consideration of their compatibihiy with tiie chosen vector, their 
secretion characteristics, their ability to fold proteins correctly, the toxicity to the host of the product 
encoded by the DNA sequences to be e^qnessed, and the ease of purification of Uie e3q>ression 
products. 

Considering these and otiber factors a person skilled in the art will be able to construct a variety of 
vector/expression control sequence/host combinations that may be utilized to contain and e3q)ress 
nucleic acid sequences encoding mammalian desaturases. Examples of hosts include, but are not 
limited to, micro-organisms such as bacteria or yeast, insect cell systems; plant cell systems or 
animal cell systems traosfoimed/transfected with appropriate expression vectors. A person skilled in 
the art will be able to introduce the constructs into the appropriate host and propagate the host 

Expression Vectors for Rat and Human Desaturase Genes 

In order to express a functionally active mammalian desaturase, the nucleic acid sequence encoding 
the desaturase is inserted into an appropriate e7q>ression vector, i.e. a vector which contains the 
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necessary elements for llie transcription and translation of tiie inserted coding sequence. Depending 
on the vector system and host utilized, any number of suitable transcription and translation elements 
may be used. 

A range of host systems may be utilized to harbour and express nucleic acid sequences encoding 
mammalian desaturases. Examples of hosts may include well known prokaryotic hosts, such as 
strains ofE. coli, Pseudomonas putida and Bacillus subtilis; fungi such as yeasts {Saceharomyces 
cerevisiae, and methylotrophic yeast such as Pichia pastoris, Hansenula polymorpha, Kluyveromyces 
lactis and Schizosaccharomyces pomhe)\ mammalian cells, such as CHO, Afiican Green Monkey 
kidney ceils (e.g., COS 1, BSCl, BSC40, and BMTIO); insect cells (e.g.. Sf9); and human cells in 
tissue culture. 

In a preferred embodiment, E. coH is the specific prokaryotic host for cloning and replicating the 
DNA sequence of the present invention. On &e o&er hand, yeast» in particular Saceharomyces 
cerevisiae, is the preferred host used for expression of mammalian desaturase coding sequences. 

Accordingly, a vector construct of the present invention includes essential elements for its 
proliferation and selection in both enkaryotic and prokaryotic cells. Preferred expression vectors of 
die invention are pYES2 and pYES2/CT (Invitrogen) which essentially comprise an origin of 
replication, an inducible promoter and two selectable marker genes. In particular, the pYES2/CT 
vector also contains a short DNA sequence that encodes for tags (e.g. V5/67cHIS epitopes) which 
allow the translated product, a tagged desaturase protein, to be easily identified and/or purified using 
commercially available antibodies and/or affinity chromatography colunms. The pYES2 and 
pYBS2/CT vectors, confer uracil prototrophy for selection in yeast, and a GALl galactose-inducible 
promoter for expression n^ch is activated in the presence of galactose and situated upstream of the 
cloning site. Galactose-inducible promoters (GALl, GAL7, and GALIO) have been extensively 
utilized for high level and regulated expression of protems in yeast (Lue et al., 1987, Mol Cell, Biol., 
7: 3446-3451 and Johnston M., 1987, Microbiol. Rev., 51: 458-476). Transcription from the GAL 
promoters is activated by the GAL4 protein, which binds to the promoter region and activates 
transcription when galactose is present In the absence of galactose, the antagonist QAL80 binds to 
GAM and prevents OAL4 fi:om activating transcription. Addition of galactose prevents GAL80 fixim 
inhibiting activation by GAL4. 

While it is not essential, optionally an expression vector may comprise a translation initiation or 
termination (e.g. stop) sequence oriented and operatively associated with the cDNA sequence 
encoding the mammalian desaturase (i.e. positioned upstream at the 5'-end ox downstream at the 
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3'-end of die desaturase coding sequence, le^ctively). In a preferred embodiment, the translation 
initiation and termination codons are already provided within the forward and reverse primer 
sequences, respectively, which are used to facilitate cloning of the mammalian desaturase genes into 
the pYES2 vector (see Table 8). Forward and reverse primers for cloning into pYES2/CT are 
designed to express a desaturase- V5/6xHis tagged protein (see Table 8). 

The transfoimed/transfected host cell can be identified by selection for a mai^r gene contained on 
the introduced vector construct Hie introduced marker gene, therefore, may confer antibiotic 
resistance, or encode an essential growth factor or enzyme, and permit growtib on selective media 
when expressed in the transfoimed/transfected host Typically, transformed/transfected hosts are 
selected due to their ability to grow on selective media. Selective media may contain an antibiotic or 
lack an essential growth nutrient necessary for the growth of the nntransformed/untransfected host 
According to the invention, transformation of ^. coH cells and yeast cells was determined through 
selection on ampicillin-containing medium and uracil-deficient medium, respectively, based on the 
selection marker genes (e.g. beta-lactamase and URA3) present in the pY£S2 and pYES2/CT vectors. 

A microsomal host system may be achieved by transforming/transfecting the host system with the 
nucleic acid construct containing the coding sequence for a functional mammalian desaturase 
described above, and isolating microsomes. Microsomal systems have been used successfully for 
testing enzyme activity &om a number of different sources such as animal organs including liv^, 
brain, heart, etc. and micro-organisms including yeast (de Antueno et al., 1994, Lipids^ 29: 327-33 1 , 
Todd et al., 1999, Plant J,, 17: 11 9-130, and Nishi et ah, 2000, Biochim, Biophys. Acta., 1490: 106- 
108). 

Alternatively, an in vitro expression systCT can be accomplished, for exanq>le, by placing (he nucleic 
acid sequence of the coding region for a functional mammalian desaturase polypeptide, described 
above, in an appropriate expression vector designed for in vitro use. In vitro transcr^tiou/translation 
can be carried out by adding rabbit reticulocyte lysate and essential cofactors; labelled amino acids 
can be incorporated if desired (Pfomega Corp., WI). Such in vitro expression vectors may provid.e 
some or all of the expression signals necessary in the system used. These methods are well known in 
the art and the components of the system are commercially available. The reaction mixture can then 
be assayed directly for the polypq)tide, for example by determining its s[peci£ic enzymatic activity, or 
the synthesized polypeptide can be purified and then assayed for its specific enzymatic activity. 

RqHjrter Vectors for Rat and Human Control Regions 
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In order to identify &e discrete control elements involved in the regulation of manunalian desaturase 
gene expression, a vector construct comprising a heterologous nucleic acid sequence encoding a 
reporter gene operably linked to a desaturase control region is used which is conopatible to and 
suf&cient for use in a host system. 

A range of eukaryotic host systems may be utilized to investigate the activity of the mamnnalifln 
desaturase control regions. Examples of hosts include, but are not limited to, fimgi such as yeasts 
(Saccharomyces cerevisiaey and methylotrophic yeast such as Pichia pasioris^ Hansentda 
polymorpha, Kluyveromyces lactis and Schizosaccharomyces pombe); manmialian cells, such as 
HepG2, HeLa, BHK, HEK-293, CHO, African Green Monkey kidney cells (e.g., COS 1, BSCl, 
BSC40, and EMTIO), insect cells (e.g., Sf9), and human cells in tissue culture. 

According to the present invention, the preferred* cell system used in analysing control regions which 
are involved in the regulation of the level of mammalian desaturase gene expression is the 
mammaUan ceU line ZR-75-1 (ATCC # CRL 1500) or HepG2 (ATCC # HB-8065). 

The control region-reporter vector, according to the present invention, can be constructed using 
conventional molecular biology, microbiology, and recombinant DNA techniques well known to 
those of skill in the art Such techniques are explained fuUy in the literature, including Sambrook et 
aL, 1989, Molecular Cloning, A Laboratory Manual, 2^ edition, Cold Spring Harbour Press, Cold 
Spring Harbour, N.Y. and Ausubel ct al., 1994-, Current Protocols in Molecular Biology^ John Wiley 
& Sons, New YoricN.Y. 

The practice of using a reporter gene to analyse nucleotide sequences which regulate transcription of 
genes involved in PUFA metabolism is well documented (Water K.M., 1997, Biockim. Biophys. 
Acta,f 1349: 33-42). Generally, a reporter gene encodes a polypq)tide not otherwise produced by the 
host ceU and which is detectable by analysis of the host cell. The product of a reporter gene is used 
to assess regulation of transcription via a control region/oligonucleotide sequence of the present 
invention. The e}q>ression of the reporter gene results in the formation of a reporter product (e.g. 
protein) which is readily detectable and hence, has a utility in its quantitative and/or qualitative 
capability to demonstrate that transcriptional activation has occurred. The reporter gene will be 
selected such that the reporter product will have physical and chemical characteristics, which 
&cilitate its identification or detection, by means well known in the art Reporter genes which are 
widely utilized in such studies include, but are not limited to, enzymes such as luciferase, 
chloramphenicol acetyl transferase (CAT), beta-galactosidase, esterases, phosphatases, proteases and 
other proteins such as green fluorescence protem (GFP) and human growth hormone. In a preferred 
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embodiment, the reporter gene is CAT which will be detected through the level of specific enzymatic 
activity, which in turn coirelatcs to the amount of enzyme that was made and hence, the level of 
expression of the reporter gene. 

A reporter vector construct of the present invention includes essential elements for its propagation, 
selection and esqpression in either prokaryotic or eukaiyotic cells. 

The reporter vector of the present invention, which includes essential elements for its operability in 
prokaryotic or eukaryotic cells, is, preferably, pCAT-3 -Enhancer or pGL3-Basic (Promega Coip., 
WI). The mammalian desaturase control region, derived from genomic DNA, is ligated by 
conventional methods in proper orientation (5* to 3') adjacent (5') to the start codon of the reporter 
gene with or without additional control elements. The region 3* to the coding sequence for the 
reporter gene will contain a transcription tennination andpolyadenylation site, for example, the 
SV40 polyA site. The desatorase control region and reporter gene, which are operably linked in the 
reporter vector, are transformed into a cloning host, preferably E. coli. The host is cultured and the 
replicated vector recovered in order to prqsare sufficient quantities of the recombinant construction 
for subsequent transfection into a second host, preferably the mammalian cell line ZR-75-1 or 
HepG2. 

Alternatively, an in vitro expression system can be accomplished, for example, by placing the nucleic 
acid sequence for a mammalian control region, described above, in an appropriate reporter vector 
designed for in vitro use. In vitro transcription can be carried out by adding nuclear extract from 
mammalian cells and other necessary reagents. Such in vitro reporter vectors may provide some or ail 
of the expression signals necessary in the system used. These methods are well known in the art 

Accordingly, a vector construct of the present invention includes essential elements for its 
proliferation and selection in both eukaryotic and prokaryotic cells. Expression vectors of the . 
invention include pYES2 and pYES2/CT (Invitrogen) which essentially conq)rise an origin of 
replication, an inducible promoter and two selectable marker genes. In particular, the pYBS2/CT 
vector also contains a short DKA sequence that encodes for tags (e.g. V5/6xHis epitopes) which 
allow the translated product, a tagged desaturase protein, to be easily identified and/or purified using 
commetcially available antibodies and/or afBnity chromatography cohmms. The pYES2 and 
pYBS2/CT vectors, confer uracil prototrophy for selection in yeast, and a GALl galactose-inducible 
promoter for expression which is activated in the presence of galactose and situated upstream of the 
cloning site. Galactose-inducible promoters {GALl, GALl, and GALIO) have been extensively 
utilized for high level and regulated expression of proteins in yeast (Lue et al., 1987, Mol Cell BioL^ 
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7: 3446-3451 and Johnston M., 1987, Microbiol Rev,, 51: 458-476). Transcription firom the GAL 
pTomoteis is activated by the GAL4 protein, which binds to the promoter region and activates 
transcription when galactose is present In the absence of galactose, the antagonist GAL80 binds to 
GAL4 and prevents GAL4 from activating transcription. Addition of galactose prevents GAL80 from 
inhibiting activation by GAL4. 

An e3q)res5iQn vector may comprise a translation initiation or tennination (e.g. stop) sequence 
oriented and operatively associated with die cDNA sequence encoding the mammalian desatuiase 
(i.e. positioned upstream at the 5 -end or downstream at the 3'-end of the desaturase coding sequence, 
respectively). However, the translation initiation and termination codons may be already provided 
within the forward and reverse primer sequences, respectively, which are used to &cihtate cloning of 
the mammalian desaturase genes into the pYES2 vector (see Example 5). Forward and reverse 
primers for cloning into pYES2/CT are designed to express a desatnrase-V5/6xHis tagged protein 
(see Example 5). 

Thus, according to one aspect of the invention, there is provided a recombinant nucleic acid construct 
which contains a portion of a mammalian desaturase gene con^srising the amino acid coding region 
and which has a heterologous promoter capable of initiating transcription of a fatty acid desaturase 
gene. In preferred embodiments of the invention, the amino acid coding region is derived from a 
human or a rat desaturase gene. In particular, the invention provides a nucleic acid constmct having 
a promoter region which is preferably induced, a nucleic acid sequence encoding a functional 
mammalian (e.g. human or rat) fotty acid desaturase and a tennination region, wherd)y the promoter 
region is operably associated with the nucleic acid sequence so as to effectively control expression of 
the nucleic acid sequence. Alternatively, the recombinant nucleic acid construct may comprise a 
heterologous transcriptional termination region functional in a host system. The recombinant nucleic 
acid construct is cloned as part of an expression vector, vt^ch can then be inserted into a host system. 

In ano&er embodiment of the invention, a polynucleotide encoding a mammalian (e.g. human or rat) 
£3tty acid desaturase may be ligated to a heterologous sequence to encode a tagged protein. For 
example, for screening of host systems &r proteins exhibiting &tty acid desaturase activity, it may be 
useful to encode a tagged desaturase protein that is recognized by a conoonercially available antibody. 
A tagged protein may also be engineered to contain a cleavage site located between a desaturase 
coding sequence and the heterologous protein sequence, so that the &tty acid desaturase may be 
cleaved and purified away from the heterologous moiety. 
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Another aspect of fhe present invention is directed to a recombinant nucleic acid constnict c(mtainiag 
a control region of a mammalian &tty acid desaturase gene and a reporter gene. In preferred 
embodiments of the invention, fhc control region is derived from a human or a rat desaturase gene. 
The control region and the reporter sequence are operably linked so that the control region can 
effectively initiate, terminate or regulate the transcription or translation of the reporter sequence. The 
recombinant nucleic acid constnict is cloned as part of an expression vector, which can then be 
inserted into a host system. 

Host Systems 

The invention provides a recombinant nucleic acid constnict which contains a portion of a 
manunalian D6D gene including the amino acid coding region ajad which has a heterologous 
promoter capable of initiating transcription of a &tty acid desaturase gene. The amino acid coding 
region is derived from a human D6D gene. In particular^ fhe invention provides a nucleic acid 
construct having a heterologous promoter region which is preferably induced, a nucleic acid 
sequence encoding a fimctional mammalian (e.g. human or rat) D6D and a termination region, 
whereby the promoter region is operably associated with the nucleic acid sequence so as to 
effectively control expression of the nucleic acid sequence. Alternatively, the recombinant nucleic 
acid construct may comprise a heterologous transcriptional termination region functional in a host 
system. The recombinant nucleic acid construct is cloned as part of an expression vector, which can 
then be inserted into a host systenL 

A polynucleotide encoding a mammalian (e.g. human or rat) D6D gene may be ligated to a 
heterologous sequence to encode a tagged protein. For screening of host systems that express D6D, it 
may be useful to encode a tagged desaturase protein that is recognized by a commercially available 
antibody. A tagged protein may also be engineered to contain a cleavage site located between a D6D 
coding sequence and tiie heterologous protein sequence, so that the &tty acid desaturase is cleaved 
and purified fiom the heterologous moiety. 

Another aspect of the present invention is directed to a recombinant nucleic acid construct containing . 
a control region of a mammalian D6D gene and a reporter gene. The control region is derived from a 
human DSD gene. The control region and the reporter sequence are operably linked so that the 
control region effectively initiates, terminates or regulates the transcrq)tion or translation of tbt 
reporter sequence. The recombinant nucleic acid construct is cloned as part of an e3q>re88ion vector, 
which is then inserted into a host system. 
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Accordingly, the host system is traosfonned/transfected by the nucleic acid construct containing the 
nucleic acid sequence of the D6D gene such that the promoteT region and the terminatian region are 
operable and can, therefore, be used to achieve high level cTqpression of a functionally active 
desaturase enzyme. A test component, which increases or decreases desaturase enzyme activity, is an 
enhancer or inhibitor, respectively. Consequently, defined test components can be used as a basis for 
the formulation or innovation of therapeutic agents to treat disease related to the level of active and 
regulated D6D enzyme in tissue. 

The transformed/transfected host cell is identified by selection for a marker gene contained on the 
introduced vector construct The introduced marker gene, therefore, may confer antibiotic resistance, 
or encode an essential growth factor or enzyme, and permit growth on scleciive media when 
expressed in the transformed/transfected host Typically, transformed/transfected hosts are selected 
due to their ability to grow on selective media. Selective media may contain an antibiotic or lack an 
essential growth nutrient necessary for the growdi of the untransfonned/untransfected host 
Transformation of Escherichia coU cells and yeast cells was determined through selection on 
ampicillin-containing medium and uracil-deficient medium, respectively, based on the selection 
marker genes (e.g. beta-lactamase and URAS) present in the pYES2 and pY£S2/CT vectors. 

A cell-free e3q)ressioii system is achieved by placing the nucleic acid construct, comprising the 
coding sequence &r a functional mammalian desaturase described above, into an appropriate 
expression vector designed for in vitro use and carrying out in vitro transcription/translation in a cell 
lysate, such as mRNA-dependent rabbit reticulocyte lysate. If required, additional components may 
be incorporated into the system such as essential co-factors and amino acids. Microsomal systems 
have been used successfully for testing enzyme activity from a number of different sources such as 
animal organs including liver, brain, heart, etc. and niicro-organisms including yeast (de Antueno et 
al., 1994, Lipids, 29: 327-33 1 ; Todd et al., 1999, Plant 17: 119-130; and Nishi et al., 2000, 
Biochim. Biophys. Acta, 1490: 106-108). 

A microsomal host system is achieved by transforming/transfecting the host system with the nucleic 
acid construct .containing the coding sequence for a functional mammalian desaturase described 
above, and isolating microsomes (Ausubel et al., 1994-, Current Protocols in Molecular Biology, 
John Wiley & Sons, New York, KV). Jn vitro transcription/translation is carried out by adding rabbit 
reticulocyte lysate and essential cofactors; labelled amino acids can be incoipomted if desired Such 
in vitro expression vectors may provide some or all of the expression signals necessary in the system 
use± These methods are well known in the art and the components of tiie system are commercially 
available. The reaction mixture is assayed directly for the polypeptide, for example by determining 
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its specific enzymatic activity, or the syn&esized polypeptide purified and then assayed for its 
specific enzyxnatic activity. 

A cell system used in analyzing control regions which are involved in the regulation of the level of 
mammalian D6D gene expression is the mammalian cell lines ZR-75-1 (ATCC No. CRL-1500) or 
HepG2 (ATCC No. HB-8065). 

Reporter genes which are widely utilized in such studies include, but are not limited to, enzymes such as 
lucifeiase, chloramphenicol acetyl transferase (CAT), beta-galactosidase, esterases, phosphatases, 
proteases and other proteins such as green fluorescence protein (GFP) and human growth honnone. In 
preferred embodiments, the reporter gene is either CAT or luciferase which will be detected through the 
level of specific enzymatic activity, which in turn correlates to the amount of enzyme that was made and 
hence, the level of expression of the reporter gene. 

A reporter vector of the present invention, which includes essential elements for its operability in 
prokaiyotic or eukaiyotic cells, is pCAT-3-Basic (Piomega Corp., WI). The mammalian desaturase 
control region, derived firom genomic DNA, is ligated by conventional methods in proper orientation 
(5' to 3') adjacent (5*) to the start codon of the reporter gene with or without additional control 
elements. The region 3' to the coding sequence for the reporter gene contains a transcription 
tennination and polyadenylation site, for example, the SV40 polyA site. The desaturase control 
region and reporter gene, which are operably linked in the reporter vector, are transformed into a 
cloning host, preferably E. colt The host is cultured and the replicated vector recovered in order to 
prepare sufficient quantities of the recombinant construction for subsequent transfection into a 
second host, preferably the mammalian cell lines ZR-75- 1 or HepG2. 

DRUG SCREENING ASSAYS 

When a preferred host cell is transfected or transformed with a DNA construct according to the 
present invention, it can be utilized in assays to identify potential test components that can modulate 
desaturase enzyme activity or alter the level of desaturase gene transcription via regulatory 
elements/oligonucleotide sequences. The screening assay typically is conducted by (1) growing tiie 
host cells transformed or transfected with desaturase genes or control regions to a suitable state of 
confluency in appropriate plates or flasks (e.g., microtiter wells, Erlenmeyexs, etc.), (2) adding the 
test components to a series of wells or fiasks, and (3) determining the signal level (e.g. desaturase 
activity or level of gene e^qDiession) after an incubation period that is suitable to demonstrate a 
measurable signal in the assay system chosen. The wells or fiasks, containing varying proportions 
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and/or classes of test coix^x>nents can be evaluated by sigaal activation within the treated cells. 
Candidates that demonstrate modulation of desaturase enzyme activity or reporter gene expression 
arc tlien selected for fiirther evaluation as clinical therapeutic agents. 

A host cell strain may be chosen for its ability to modulate the expression of die inserted sequences, 
or to process the gene product in the desired fashion. Such modifications (e.g. glycosylation) and 
processing (e.g. cleavage) of protein products may be important for the function of the protein. 
Different host cells have characteristic and specific mechanisms for the post-translattonal processing 
and modification of proteins and gene products which may also be important to ensure correct 
processing and functioning of the expressed foreign protein. Appropriate cell lines or host systems 
can be chosen to ensure the correct modification and processing of the foreign protein expressed. To 
this end, prokaryotic or eukaryotic host cells, which possess ttie cellular madiinery for proper 
processing of the primary transcript, and for proper glycosylation, phosphorylation and folding of the 
gene product may be used. Such prokaryotic, or eukaryotic host cells include but are not limited to E, 
colU Bacillus subtilis , Pseudomonas putida, Saccharomyces cerevisiae, Schizosaccharomyces 
pomhe, Pichia pastoris, Hansenula polymorpha, Kluyveroniyces lactis^ ZR-75-1, Chang, CHO, 
VERO, BHK. HeLa, COS. MDCK, 293, 3T3, W138, and U937 cells. 

In a preferred embodiment of the present invention, the medium for conducting the drug screening 
method is an eukaryotic cell, including fungal and mammalian cells. 

Modulation of Mammalian Desaturase Activity 

More specifically, an embodiment of the present invention relates to a drug screening assay using 
transformed yeast as whole ceils, spheroplasts, ceU homogenates or organelles (e.g. microsomes, etc.) 
to identify candidate agents that modulate the enzymatic activity of a mammalian desaturase. In a 
preferred embodiment of the present invention the host yeast Saccharomyces cerevisiae, strain 
INVScl, (InWtrogen San Diego, CA) is transformed with the yeast e?cpression vector, pYES2 
(Invitrogen), containing the manomalian desatorase coding sequence. Yeast cells are selected for use 
in the present method because (1) they have not shown fatty acid delta-6-desaturase activity, (Aid et 
aJf 1999), (2) fb& transcription and translation processes are similar, if not identical, to processes that 
occur in mammalian cells, and (3) yeast cells are often more amenable to genetic manipulation than 
manunalian cells, and they grow much more rapidly (Guthrie C. and Fink G., 1991, Methods in 
Enzymology, 194). Thus, yeast cells provide an excellent model for eukaryotic gene expression and 
for studying the modulation of mammalian desaturase activity. 
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When a prefbired host cell, such as a yeast cell, is transfomLed wilh a DNA construct according to the 
present invention* it can be utilized in assays to identify potential test components that can modulate 
desaturase activity. Test components ha\dng the potential to modulate dcsaturase activity can be 
identified by (1) contacting the transformed host cell with the test component for a fixed period of 
time, and (2) detemuning the level of lipid metabolite (e.g. the level of product produced from 
substrate) within the treated cells. This level of metabolite in one cell can then be compared to Hie 
level of metabolite in the absence of the test component The difference between the levels of 
metabolite, if any, indicates whether the test component of interest modulates desaturase activity. 
Furthermore, the magnitude of the level of lipid metabolite generated between the treated and 
untreated cells provides a relative indication of the strength of that compoimd(s) as a modulator of 
desaturase activity. Rat liver microsomes (obtained as described in other Examples) may be used in 
conjunction with the preferred host system to conoborate the strength of that compound(5) as a 
modulator of desaturase activity. 

Modulation of Mammalian Desaturase Gene Expression 

The present invention also relates to a drug screening assay using mammalian cells as host systems to 
observe the regulation of desaturase gene expression and identify test components diat modulate the 
e7q>ression of a reporter gene driven by desaturase gene control.regions or regulatory elements. In a 
preferred embodiment of the present invention, the ZR-7S-1 (human mammary carcinoma) cell line 
is used as die host system which is transfected with the reporter vector, pCAT-3 -Enhancer 
(chloramphenicol acetyl transferase; Promega Corp., WI) containing the mammalian desaturase 
control sequence. ZR-75-1 cells were selected for use in the present method because (1) this cell line 
shows high level of delta>6-desaturase mRNA expression (as shown by Northern blot), and (2) it is 
amenable for transfection. Alternatively, the Hq)G2 cell line was used as the host system for stable 
transfection of the hD6D control region inserted in the pOL3-Basic reporter vector (luciferase; 
Promega Corp., WI). This human hepatoma cell line was chosen to study regulation of the D6D 
promoter activity because of previous gene expression results (Northern blots) which indicate 
regulation of the D6D gene in this cell line that is similar to what was seen in rat liver. 

When a preferred host cell line, such as ZR-75-1 or HepG2, is transfected with a reporter DNA 
construct according to the present invention, it can be utilized in assays to identify potential test 
components that can modulate the level of gene transcription via functionally active regulatory 
elements/oligonucleotide sequences. Test components having the potential to alter the level of gene 
transcription can be identified by (1) contacting the transfected host cell with the test component for a 
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fixed period of time, and (2) deteimining the level of gene e^qpiession (e.g. tbe level of CAT 
produced) within the treated cells. This exfUfession level can then be compared to the expression level 
of the rq^ortci gene in the absence of the compoimd(s). The difference between the levels of gene 
expression, if any, indicates whether the compound(s) of interest modifies the functionality of the 
DNA regulatory elements. Furthermore, the magnitude of the level of reporter product expressed 
between the treated and untreated cells provides a relative indication of the strength of that 
conq>ound(s) as a modulator of tiie desaturase gene ttanscription via transcriptional DNA regulatory 
elements. 

Host Systems and Drug Screening 

The invention includes methods for screening nucleotides, proteins; compounds or pharmacological 
agents, whidi enhance or inhibit D6D gene expression at the transcriptional level or modulate the D6D 
activity. To this end, ceU-based, cell lysate and/or purified en^mie assays are used to detect these 
enhancing or inhibiting components. 

D6D gene expression has been associated with diabetes and related disorders, arterial hypertension; 
hypercholestcFolemia; atfaerosclerotic heart disease; chronic inflammatory disorders; autoimmune 
disorders; allergic eczema and other atopic disorder^ inflammatory processes such as rheumatoid 
arthritis; diminished lymphocyte proliferation* T-cell-mediated cytotoxicity, natural killer cell 
activity, macrophage-mediated cytotoxicity, monocyte and neutrophil cbemotaxis, major 
histocompatibility class H expression and antigen presentation, production of pro-inflammatory 
cytokines (intedeukins 1 and 6, tumour necrosis factor) and adhesion molecule expression; eczema; 
psoriasis; acute respiratory distress syndrome (ARDS); articular cartilage degradation (ACD); and 
cancer. 

A present inventors' human diabetic clinical trial has provided data indicating that AA and EPA were 
reduced in the plasma and red cell phospholipids of Type 1 diabetics. This study supports and 
expands a multi-center clinical trial sponsored by Scotia Pharmaceuticals in which enteral 
administration of n-6 PUFAs ameliorates neurophysiological parameters of mild diabetic neuropathy 
(Keen et al, 1993, Diabetes Care^ 16: 8-15). Reduced levels of long chain n-6 fatty acids have been 
reported (Arisaka et al., 1986, J. Paediatr. Gastroenterol Nutr., 5: 878-882; Tilvis R. S. and 
Miettinen T. A., 1985, /. C/zn. Endocrinol. Meiab,, 61: 741-745; and van Doormaal et aL, 1988, 
Diabetologia, 31: 576-584). The level of DGLA was not reduced in the Type 1 diabetic group, 
indicating that the reduction of AA may be due to reduced delta-6-desaturase activity. 
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In a present inventors* diabetic rat study, the plasmaphospholipid AA content was reduced 3 1% and 27% 
b the 2 week and 7 week strcptozotocin-induccd diabetic rats, respectively. As in the human diabetic 
study, the DGLA levels remained unchanged con^)ared to controls, so the reduced levels of AA and EPA 
were consistent with a detected reduction in delta-6-desaturase activity. Reduced activity of the 
desoturase system in diabetes wa9 first reported by Brenner et al., 1968, Am. J. PkysioL, 215: 63-70. 
Subsequently, tiiis finding has been verified (Mimouni V. and Poisson J.F., 1992, Bioehim. Biophys. 
Acta, 1123: 296-302; Danget al., 1989,X(p/d!s, 24: 882-889; andFaasF.H. and Carter WJ., im.Lipids, 
IS: 953-961) and is considered to be a key factor in the development of secondary complications of 
diabetes. In the streptozotocin diabetic rat stud|y, it was determined that the de[ta-6-desatura5e activity in 
hepatic microsomes ixom diabetic rats was reduced by 37% compared to the control rats. These findings 
support the hypothesis that deIta-6-desaturase is a potential drug target in diabetes and also a useful lipid 
metabolic compoond for drug screening assays. 

The present invention features a drug screening method for identifying nucleotides, proteins, 
compounds, and/or pharmacological agents which modulate or regulate the transcription of a 
mammalian D6D gene. This me^od includes (1) providing a novel nucleic acid construct having a 
control region of a mammalian desaturase gene and a heterologous nucleic acid sequence (e.g. a 
reporter gene), wherein the control region is operably associated with the nucleic acid sequence so 
that it effectively initiates, terminates or regulates the transcription of the nucleic acid sequence, all 
of which are introduced into a cell or cell lysate using an expression vector containing the novel 
nucleic acid conslrucl, (2) contacting (he cell or cell lysate with a test component, (3) determining 
whetfaor the test component is capable of altering the level of transcription of the nucleic acid 
sequence^ and (4) selecting those components which exhibit such activity. In this regard, the defined 
test components can be used as a basis for the formulation or innovation of therapeutic drugs to treat 
disease related to the level of D6D gene expression. Test components, >^ch increase or decrease the 
level of transcrq>tion of the reporter sequence, are enhancers or inhibitors, respectively. 

In particular, the present invention embodies a method for the identification of useful and functional 
portions of the D6D control region and various functional and regulatory elements within the control 
region, which are associated with the level of expression of the desaturase gene. Functional portions 
of the desaturase control region which result in altered levels of gene expression are determined 
through the manipulation (e.g. deletion, site-directed mntagenesis, etc.) of various segments of the 
region, as well as through the direct or indirect effect of modulaton. 

The host system for conducting the drug screening method can be eukaiyotic cells, including fungal 
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or mammalian cells. More specifically, an embodiment of the present invention relates to a drug 
screening assay using transformed yeast as whole cells, spheroplasts, cell homogenates, organelles 
(e.g. microsomes, etc.) or purified enzyme to identiiy candidate agents that modulate the enzymatic 
activity of a mammalian D6D. In an embodiment of the present invention the host yeast 
Soixharomyces cerevisiae, strain INVScI (Iavitrogen» CA), is trausfoimed with the yeast expression 
vecton, pYES2 or pYES2/CT (Invitrogen), containing the mammalian D6D coding sequence. Yeast 
cells are selected for use in the present method because (1) fliey have not shown fatty acid delta-6- 
desaturase activity (AH et al, 1999, Biochem. Biophys, Res. Commun., 255: 575-579), (2) their 
transcription and translation processes are similar, if not identical, to processes that occur in 
mammalian cells, and (3) ttiey are often more amenable to genetic manipulation than mammalian 
cells, and they grow much more rapidly (Guthrie C. and Fink G., 1991, Meth, EnzymoL. 194). Thus, 
yeast cells provide an excellent model for eukaiyotic gene expression and for studying the 
modulation of mammalian D6D activity. 

When a host cell, such as a yeast cell, is transformed with a DNA construct according to the present 
invention, it is utilized in assays to identify test components ttiat modulate desaturase activity. Test 
components that modulate D6D activity are identified by (1) contacting the transformed host cell 
mUx the test component for a fixed period of time, and (2) determining the level of lipid metabolite 
(Le. the level of product produced from substrate) or associated co&ctors within the treated cells. 
This level of metabolite in one cell can then be compared to the level of metabolite in the absence of 
the test component The di£ference between the levels of metabolite, if any, indicates whether the test 
component of interest modulates DSD activity. Furfheimore, the magnitude of the level of lipid 
metabolite generated between the treated and untreated cells provides a relative indication of the 
strength of that compound(s) as a modulator of desaturase activity. Rat liver microsomes are used in 
conjunction with the preferred host system to corroborate the strength of that compound(s) as a 
modulator of desaturase activity. 

A drug screening assay is also earned out using mammalian cells as host systems to observe the 
regulation of D6D gene expression and identiiy test components that modulate the expression of a 
reporter gene driven by D6D gene control regions or regulatory elements. ZR-75-1 or HepQ2 cell lines 
are preferably used as the host systems, which are transfected with the reporter vectors, pCAT-3-Basic 
(Promega) or pGL3-Basic (Promega) containing ttie mammalian DSD control sequence. 

When a preferred host cell line, such as ZR-7S-1, is transfected with a reporter DNA construct 
according to the present invention, it is utilized in assays to identify test conoponents that modulate 
the level of gene transcription via functionally active regulatory elements/oligonucleotide sequences. 
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Test camponents fhst alter the level of gene transGription can be identified by (1) contacting fhe 
transfected host cell witii the test component for a fixed period of time, and (2) determining the level 
of gene CTqpression (e.g. CAT activity) within the treated cells. This expression level is compared to 
that of the reporter gene in the absence of the compoimd(s). The difference between the levels of 
gene expression, if any, indicates whether the compomid(s) of interest modifies the functionality of 
the DNA regulatory elements. Furthermore, the magnitude of the level of reporter product expressed 
between the treated and untreated cells provides a relative indication of the strength of that 
compoundCs) as a modulator of the D6D gene transciiption via transcriptional DNA regulatory 
elements. 

In an embodiment, a high-throughput screening protocol is used to survey a large number of test 
compounds for their ability to modulate or regulate the transcription of a mammalian D6D gene 
through their efifect on the desaturase control region. Accordingly, the design of the transcriptional 
system makes it possible to screen a large selection of coaqx>nents as potential therapeutic agents 
that alter D6D gene e^qnression thereby increasing or decreasing tissue levels of a functional D6D 
enzyme, the physiological significance of which includes fhe normalization of lipid metabolites. 

For the drug screening methods described herein, the host system may be a cell, tissue, organ, 
organism or any part thereof, v^ch provides an environment or conditions that allow for, or enable, 
transcription and/or transcription followed by subsequent translati(»Q to yield a functional protein or 
polypqstide. Organisms would include animals such as mammals. In an embodiment c^fhe 
invention, the drug screening methods are conducted in prokaryotic and eukaxyotic cells. In 
embodiments of the invention, the eukaryotic ceUs include yeast cells and mammalian cells. 

Potential antagonists include small organic molecules, peptides, polypeptides and antibodies that 
bind to a polynucleotide or pol^'peptide of the invention and thereby inhibit or extinguish its activity. 
Potential antagonists also may be small organic molecules, a peptide, a polypeptide sudi as a closely 
related protein or antibody tiiat bind the same sites on a binding molecule, such as a bindmg 
molecule, without inducing delta-6-desaturase-induced activities, thereby preventmg the action of 
delta-6-desatunise by interfering with substrate binding. 

Potential antagonists include a small molecule, which bind to and occupy the binding site of the 
polypeptide thereby preventing bmding to cellular binding molecules, such that normal biological 
activity is prevented. Examples of small molecules include but are not limited to small organic 
molecules, peptides or peptide-like molecules. Other potential antagonists include antisense 
molecules (see Okano et al., 19S8, EMBO 7: 3407-3412 for a description of these molecules). 
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Selective modulators may include, for example, antibodies and oHiex proteins or pq)tides whicli 
specifically bind to the delta-6-desatuiase or delta-6-de5aturase nudeic acid, oligonucleotides which 
specifically bind to dclta-6-dcsatiirase (see Patent Cooperation Treaty International Publication No. 
WO93/05182 published Mar. 18, 1993) which describes methods for selecting oligonucleotides 
which selectively bind to target biomolecules) or delta-6-desaturase nucleic acid (e.g. antisense 
oligonucleotides) and other non-pcptide natural or synthetic compounds which specifically bind to 
tiie delta-6-desaturase or delta-6-desatuiase nucleic acid. 

Targets for the development of selective modulators include, for example: (1) the regions of the 
delta-6-desaturase which contact other proteins and/or localize dse delta-6-desaturase within a cell 
and (2) the regions of the delta-6>desaturase which bind substrate. 

Thus, according to another aspect of the invention there is provided a drug screening method for 
identii^ing nucleotides, proteins, compounds and/or pharmacological agents that effectively 
modulate the activity of &tty add desaturase enzymes and hence, &tty acid profiles. The method 
comprises (1) producing a nucleic acid construct having a promoter region* which is preferably 
induced, a nucleic acid sequence encoding a fimctional fatty acid desaturase enzyme, whereby the 
promoter region is operably associated with the nucleic acid sequence, and a termination sequence, 
all of which are introduced into a cell or cell lysate using an expression vector contanung the nudeic 
add construct, (2) contacting the cell or cell lysate with a test component, (3) evaluating the 
enzymatic activity of a desaturase polypeptide encoded by the nucleic acid sequence by assaying for 
a measurable difference in the level of Mpid metabolite as an mdicator of the ability of the test 
component to modulate fatty add desaturase enzyme activity, and (4) selecting those components 
which exhibit such activity. The known substrate for the &tty acid desaturase may optionally be 
cxogenously supplied to the cell or cell lysate. 

Accordingly, the host system is transformed/transfected by the nucleic acid construct containing the 
nucleic acid sequence of the fiitty acid desaturase gene such that the promoter region and the 
termination region are operable and can, therefore, be used to achieve high level expression of a 
functionally active desaturase enzyme. A test component which increases or decreases desaturase 
enzyme activity is an enhancer or inhibitor, respectively. Consequendy, defined test components can 
be used as a basis for the formulation or innovation of therapeutic agents to treat disease related to 
the level of active and regulated fiitty add desaturase enzymes in tissue. 

A microsomal host system may be achieved by transforming/transfecting die host system with the 
nucleic acid construct containing the coding sequence for a fimctional mammalian desaturase 
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described above, and isolating microsomes (Ausubel et al., 1994-, Current Protocols in Molecular 
Biology, John Wilqr & Sons, New York, N,Y.). 

A cell-fi^e expression system may be achieved by placing the nucleic acid construct comprising the 
coding sequence for a fimctional mammalian desaturase described above, inserting it into an 
appropriate expressi(»i vector designed for in vitro use and carrying out in vitro 
transcription/translation in a cell lysate, such as mRNA-dependent rabbit reticulocyte lysate. If 
required, additional components may be incoiporated into &e system such as essential co-&ctors and 
amino acids. 

In a preferred embodiment, a high-throughput screening protocol is used to survey a large nimiber of 
test compounds for their ability to modulate the enzymatic activity of a mammalian &tty acid 
desaturase. Accordingly, Ihe design of the drug screening method makes it possible to screen a large 
selection of conqpoaents as potential tiierapeutic agents that alter &tty acid desaturase activity 
diereby increasing or decreasing levels of specific lipid metaboHtes, the physiological significance of 
which includes the nonnalization of lq)id metabolism. 

In another aspect, the present invention features a drug screening method for identifying nucleotides, 
proteins, compounds, and/or pharmacological agents which modulate or regulate the transcription of 
a mammalian £atty acid desaturase gene. This method includes (a) providing a novel nucleic acid 
construct having a control region of a mammalian desaturase gene and a heterologous nucleic acid 
sequence (e.g. a reporter gene), wherein the control region is operably associated with the nucleic 
acid seqiience so that it can effectively initiate, terminate or regulate the transcription of tiie nucleic 
acid sequence, all of which are introduced into a cell or cell lysate using an e}q)ression vector 
containing the novel nucleic acid construct, (b) contacting the ceU or cell lysate with a test 
component, (c) determining ^^iietfaer the test component is capable of altering the level 6f 
transcription of the nucleic acid sequence, and (cQ selecting those components which exhibit such 
activity. In this regard, the defined test components can be used as a basis for tiie formulation or 
innovation of therapeutic drugs to treat disease related to the level of &tty acid desaturase gene 
expression. Test components, which increase or decrease the level of transcription of the reporter 
sequ^ce, are enhancers or inhibitors, respectively. 

In particular, tiie present mvention embodies a method for the identification of useful and functional 
portions of the fsitty acid desaturase control region and various functional and regulatory elements 
within the control region which are associated with the level of e^ession of the desaturase gene. 
Functional portions of die desaturase control region which result m altered levels of gene expression 
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are determined through the manipuLatioii (e.g. deletion, site-directed mirtagenesis, etc.) of various 
segments of the region, as well as through the direct or indirect effect of modulators. 

A cell-£:ee expression system may be achieved by placing the novel nucleic acid construct 
comprising the control region of a mammalian desaturase gene and a reporter sequence as described 
above, inserting it into an appropriate expression vector designed for in vitro use and carrying out in 
vitro expression in a cell lysate. If required, additional components may be incorporated into the 
system such as essential co-factors and other reagents. 

In a preferred embodiment, a high-throughput screening protocol is used to survey a large number of 
test compounds for their ability to modulate or regulate the traoscrqjtion of a mammahan fatty acid 
desaturase gene through their effect on the desaturase control region. Accordingly, the design of the 
transcriptional system makes it possible to screen a large selection of components as potential 
therq>ciitic agents that alter &tty acid desaturase gene expression thereby increasing or decreasing 
tissue levels of a functional desaturase enzyme, the physiological significance of v^ch includes the 
normalization of lipid metabolites. 

For the drug screening methods descnbed above, the host system may be a cell, tissue, organ, 
organism or any part thereof which provides an environment or conditions that allow for, or enable, 
transcription and/or transcription followed by subsequent translation to yield a functional protein or 
polypeptide. Organisms would include animals such as mammals. In a preferred embodiment of the 
invention, the drug screening methods are conducted in prokaryotic and eukaryotic cells. In 
preferred embodiments of ^ invention, the eukaryotic cells include yeast cells and mammalian 
cells. 

Drug Design 

Modulation of delta-6-desatnrase gene function can be accomplished by the use of dierapcatic agents 
or drugs wliich can be designed to interact with different aspects of delta-6-desatura5e control region 
structure or fiinction. For example, a drug or antibody can bind to a structural fold of the control 
region to correct a defective structure. Alternatively, a drug might bind to a specific functional 
residue and increase its afEnity for a substrate or cofactor. Ef&cacy of a drug or agent can be 
identified by a screening program in which modulation is monitored in vitro in cell systems in which 
a delta-6-de8atarase gene protein is expressed. Alternatively, drugs can be designed to modulate 
delta-6-desaturase gene activity fi:om knowledge of the structure and function correlations and firom 
knowledge of the specific defect in tiie various NFl mutant proteins (see Copsey DJ^. and Delnatte 
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S.Y.J., 1988, GmeHcally Engineered Human Therapeutic Drugs, Stockton Press, New York). 
Gene Therapy 

A variety of gene therapy approaches may be used in accordance with the invention to modulate 
expression of delta-6-desaturose in vivo. For example, ontisense DNA molecules may be engineered 
and used to block delta-6-desatnrase DNA in vivo. In another alternative, oligonucleotides designed 
to hybridizB to the S' region of the delta-6-desaturase control sequence and form triple helix 
structures may be used to block or reduce transcription of the delta-6-desaturase. In yet ano&er 
alternative, nucleic acid encoding the fiiU length wild-type de1ta-6-desaturase control region may be 
introduced in vivo into cells which otherwise would be unable to produce the wild-type delta-G- 
desaturase product in sufficient quantities or at alL 

For exan^le, in conventional replacement therapy, gene product or its functional equivalent is 
provided to the patient in therapeutically effective amounts. Delta-6-desatura6e protein can be 
purified using conventional techniques such as those described in Deutcher, M. (editor), 1990, Guide 
to Protein Purification. MetkEnzymoL: 1 82 . Sufficient amounts of gene product or protein for 
treatment can be obtained, for example, through cultured cell systems or synthetic manu&cture. Drug 
therapies which stimulate or replace the gene product can also be employed. Delivery vehicles and 
schemes can be specifically tailored to the particular protein or drug being administered. 

Oene therapy using recombinant technology to deliver (he gene into the pallenfs cells or vectors, 
which will supply the patient with gene product in vivo, is also contemplated as within the scope of 
the present invention. Retroviruses have been considered a preferred vector for experiments in 
somatic gene therapy, with a high efficiency of infection and stable integration and expression 
(Orkin, et al., 1988, Prog, Med. Genet. 7: 130-142). For example, delta-6-desatara5e cDNA can be 
cloned into a retroviral vector and driven fixmi either its endogenous promoter of from the retroviral 
LTR (long terminal rq>eat). Other delivery systems which can be utilized include adeno-assodated 
virus (AAV) (McLaughlin et al, 1988, / ViroL 62: 1963-1973), vaccinia virus (Moss.et aL, 1987, 
Aimu, Rev. Immunol 5: 305-324), bovine papilloma virus (Rasmussen, et al.,1987, Metk Emymoi 
139: 642-654), or member of the herpesvirus group such as £pstein*Barr virus (Margolskee, et al., 
1988, M?/. Cell Biol. 8: 2837-2847. 

In another embodiment, the antisense, xibozyme and triple helix nucleotides are designed to inhibit 
the translation or transcription of delta-6-desatura5e. To accomplish tiiis, the oligonucleotides' used 
should be designed on the basis of relevant sequences unique to delta-6-desatura5e control region. 
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For example, and not by way of limitation, the oligonucleotides skould not fall within those region 
where the nucleotide sequence of a subject polynucleotide is raost homologous to tiiat of other fatty 
acid enzyme polynucleotides, herein referred to as "unique regions". 

In the case of antisense molecules, it is prefetred that the sequence be chosen from the unique 
regions. It is also preferred that the sequence be at least 1 8 nucleotides in length in order to achieve 
sufSciendy strong annealing to the target mKNA sequence to prevent translation of the sequence. 
Izant J.G. and Weintraub H., 1984, Cell, 36: 1007-1015; Rosenberg et al., 1985, Nature, 313: 703- 
706. 

In the case of the "hammerhead" type of ribozymes, it is also preferred that the target sequences of 
the ribozymes be chosen from the unique regions. Ribozymes are RNA molecules which possess 
hig^y specific endoribonucJease activity. Hammeihead ribozymes comprise a hybridizing region 
which is complementary in nucleotide sequence to at least part of the target RNA, and a catalytic 
region which is adapted to cleave the target RNA. The hybridizing region contains nine or more 
nucleotides. Therefore, the hammeihead ribozymes of the present invention have a hybridizing 
region which is complementary to the sequences listed above and is at least nine nucleotides in 
length. The construction and production of such ribozymes is well known in the art and is described 
more fully in Haseloflf J. and Gerlach W.L„ 1988, Nature, 334: 585-591. 

The ribozymes of the present invention also include RNA endoribonucleases (hereinafter "Cech-type 
ribozymes") such as the one which occurs naturally in Tetrahymena Thermophila (known as the IVS, 
or L-19 rVS RNA) and which has been extensively described by Thomas Cech and collaborators 
(Zaug et al., 1984, Science, 224: 574-578; Zaug A.J. and Cech T.R., 1986, Science, 231: 470-475; 
Zaug, et al, 1986, Nature, 324: 429-433; published International patent application No. WO 
88/04300 by University Patents Inc. June, 1988; Been M.D.and Cech T.R., 1986, Cell, 47: 207-216). 
The Cech endoribonucleases have an eig^t base pair active site which hybridizes to a target RNA 
sequence whereafter cleavage of the target RNA takes place. The invention encompasses those Cech- 
type ribozymes which target eig^t base-pair active site sequences that are present in a subject 
polynucleotide but not other polynucleotides for fatty acid enzymes. 

The compounds can be administered by a variety of methods which axe known in the art including, 
but not limited to the use of liposomes as a delivery vehicle. Naked DNA or RNA molecules may 
also be used where they are in a form which is resistant to degradation such as by modification of the 
ends, by the formation of circular molecules, or by the use of alternate bonds including 
phosphothionate and Ihiopho^horyl modified bonds. In addition, the delivery of nucleic acid may be 
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by &cilitated transport where the nucleic acid molecules are conjugated to poly-lysine or transferrin. 
Nucleic acid may also be transported into cells by any of the various viral carriers, including but not. 
limited to^ retrovirus, vaccinia, AAV, and adenovirus. 

Alternatively, a recombinant nucleic acid molecule which encodes, or is, such antisense, ribozyme, 
triple helix, or subject polynucleotide molecule can be constructed. Ihis nucleic acid molecule may 
be either RNA or DNA. If the nucleic acid encodes an RNA, it is preferred fliat the sequence be 
operatively attached to a regulatoiy element so that sufficient copies of the desired RNA product are 
produced The regulatory element may permit either constitutive or regulated transcription of the 
sequence. In vivo, that is, within the cells or cells of an organism, a transfer vector such as a bacterial 
plasmid or viral RNA or DNA, encoding one or more of the RNAs, may be fransfected into cells c.g. 
(Llewellyn etaL, 1987, J. Bio/., 195: 115-123; Hanahan et al., 1982, J. MoL BioL, 166: 557- 
580). Once inside the cell, the transfer vector may replicate, and be transcnbed by cellular 
polymerases to produce the RNA or it may be integrated into the genome of the host cell. 
Alternatively, a transfer vector contaimng sequences encoding one or more of the RNAs may be 
transacted into ceUs or introduced into cells by way of micromanipulation techniques such as 
microinjection, such that the transfer vector or a part thereof becomes integrated into the genome of 
the host cell. 

Compositiofh Formulation, and Administration ofPharmaceuticaJ Compositions 

The pharmaceutical compositions of the present invention may be manufactured m a manner that is 
itself known, e.g., by means of conventional mixing, dissolving, granulating, dragee-making, 
levigating, emulsifying, encapsulating, entrappmg or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present invention Ihus may be 
formulated in conventional manner using one or more physiologically accqptable carriers CQnq)rising. 
excipients and auxiliaries which fiacilitate processing of tiie active compounds into preparations 
^ch can be used pharmaceutically. Proper formulation is dependent upon the route of 
administration chosen. 

For injection, the agents of the invention may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks's solution. Ringer's solution, or physiological 
saline buffer. For transmucosal administration, penetrants appropriate to the barrier to be permeated 
axe used in the formulation. Such penetrants are generally known in the art 
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For oral administration, tbe con^)ounds can be formulated readily by combining tiie active 
compomids with pharmaceutically acceptable carriers well known in the art Such carriers enable the 
compounds of tiie invention to be foimulated as tablets, pills, dragees, capsules, liquids, gels, syrups, 
slurries, suspensions and the like, for oral ingestion by a patient to be treated Pharmaceutical 
preparations for oral use can be obtained solid excipient, optionally grinding a resulting mixture, and 
processing the mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or 
dragee cores. Suitable exdpients are, in particular, fillers sudi as sugars, including lactose, sucrose, 
mannitoU or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice 
starch, potato starch, gelatin, gum tragacanth, mefhy] cellulose, hydrojcypropylmethyl-cellulose, 
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents 
may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof 
such as sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar solutions may 
be used, which may optionally contain gum arable, talc, polyvinyl pyrrolidone, carbopol gel, 
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or 
solvent mixtures. DycstufEs or pigments may be added to the tablets or dragee coatings for 
identification or to characterize different combinations of active compound doses. 

Pharmaceutical preparations which can be used orally include push-fit capsules made of gelatin, as 
well as soft, sealed capsules made of gelatin and a plastxcizer, such as glycerol or sorbitol The push- 
fit c{q)sules can contain the active ingredients in adnuxtore with filler such as lactose, binders such as 
starches, and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compomids may be dissolved or suspended in suitable liquids, such as fatty oils, 
liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added All formulations 
for oral administration should be in dosages suitable for such administration. 

For buccal administration, the con^sitions may take the form of tablets or lozenges formulated in 
conventional manner. 

For administration by inhalation, the compounds for use according to the present invention are 
conveniently delivered in the form of an aerosol spray presentation from pressurized packs or a 
nebulizer, with Ifae use of a suitable propeUant, e.g., dichlorodifluoromethane, 
trichlorofiuoromethane, dichiorotetrafiuoroethane, carbon dioxide or other suitable gas. In the case of 
a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a metered 
amount; Capsules and cartridges of e.g. gelatin for use in an inhaler or insufElator may be foimulated 
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CQntainmg a powder mix of the compound and a suitable powder base such as lactose or starch. 

The compounds may be formulated for parenteral administration by injection, e.g., by bolus injection 
or continuous infusion. Formulations for injection may be presented in unit dosage form, e.g., in 
ampoules or in multidose containers, with an added preservative. The compositions may take such 
forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilizing and/or dispersing agents. 

Pharmaceutical formulations for parenteral administration include aqueous solutions of the active 
compounds in water-soluble form. Additionally, suspensions of the active compounds maybe 
prepared as appropriate oily injectiun suspensions. Suitable lipophilic solvents or vehicles include 
fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or 
liposomes. Aqueous iqjection suspensions may contain substances which increase the viscosity of the 
suspension, such as sodium carboxymefhyl cellulose, sorbitol, or dextran. Optionally, ihe suspension 
may also contain suitable stabilizers or agents which increase &e solubility of the compounds to 
allow for the preparatLon of higihly concentrated solutions. 

AJtematively, the active ingredient may be in powder form for constitution with a suitable vehicle, 
e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as si^positories or retention 
enemas, e.g., conlaining conventional suppository bases such as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be formulated as a 
depot preparation. Such long acting formulations may be administered by implantation (for example 
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, the compounds 
may be formulated witti suitable polymeric or hydrophobic materials (for exa0q)le as an emulsion in 
an acceptable oil) or ion exchange resins^ or as sparingly soluble derivatives, for example, as a 
sparingly soluble salt 

A pharmaceutical cairier for the hydrophobic compounds of the invention is a cosolvent system 
comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic polymer, and an aqueous 
phase. Naturally, the proportions of a co-solvent system may be varied cpnsiderably without 
destroying its solubility and toxicity characteristics. Furthermore, the identity of the co-solvent 
components may be varied. 
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Alternatively, other delivery systems for hydrophobic phaxmaceutical campoimds may be employed. 
Lqrasomds and emulsions are well known examples of delivery vehicles or carriers for hydrophobic 
drugs. Certain organic solvents such as dimcfhylsulfoxide also may be employed, although usually at 
the cost of greater toxicity. Additionally, the compounds may be delivered using a sustained-release 
system, such as semi-permeable matrices of solid hydrophobic polymers containing the ttierapeutic 
agent. Various of sustained-release matoials have been established and arc well known by those 
skilled in the art Sustained-release capsules may, depending on their chemical nature, release the 
compounds for a few weeks up to over 100 days. Depending on the chemical nature and the 
biological stability of the ther^eutic reagent, additional strategies for protdn stabilization may be 
employed 

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers or 
excipients. Examples of such earners or excipients include but are not limited to calcium carbonate, 
calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and polymers such as 
polyethylene glycols. 

Many of the compounds of the invention may be provided as salts with pharmaceutically compatible 
counterions. Pharmaceutically compatible salts may be formed with many acids, including but not 
limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc. Salts tend to be more 
soluble in aqueous or other protonic solvents that are the corresponding free base forms. 

Suitable routes of administiation may, for example, include oral, rectal, tzansmucosal, transdermal, or 
intestinal administration; parenteral delivery, including intramuscular, subcutaneous, intramedullary 
injections, as well as intrathecal, direct intraventricular, intravenous, intr^eritoneal, intranasal, or 
intraocular injections. 

Alternately, one may administer the compound in a local rattier ttian systemic manner, for exan^>le, 
via injection of the compound directly into an affected area,' often in a depot or sustained release 
formulation. 

Furthermore, one may administer the drug in a targeted drug delivery system, for example, in a 
Hposome coated with an antibody specific for aJBTected cells. The liposomes will be targeted to and 
taken up selectively by the cells. 

The phannaceutica] compositions generally are administered in an amonnt effective for treatment or 
prophylaxis of a specific indication or indications. It is appreciated that optimum dosage will be 
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deteEmined by standard methods for eacli treatment modality and indication, taking into account the 
indication, its severity, route of administration, complicating conditions and the like. In therapy or as 
a prophylactic, the active agent may be administered to an individual as an injectable composition, 
for example as a sterile aqueous dispersion, preferably isotonic. A therapeutically effective dose 
further refers to that amount of the compound suf&cient to result in amelioration of symptoms 
associated with such disorders. Techniques for formulation and administration of the compounds of 
the instant application may be found in Mack E.W., 1990, Remington's Pharmaceutical Sciences, 
Mack Publishing Company, Easton, Pa., 13^ edition. Far admmistration to mammals, and 
particularly humans, it is expected that the daily dosage level of the active agent will be from 0.001 
mg/kg to 10 mg/kg, typically around 0.01 mg/kg. The physician in any event will determine the 
actual dosage which will be most suitable for an individual and will vary with the age, weight and 
response of the particular individual The above dosages are exemplary of the average case. There 
can, of course, be individual instances where higher or lower dosage ranges are merited, and such are 
within the scope of this invention. 

Thus, the present invention provides a method for screening and selecting compounds, which 
promote l^id metabolism disorders, and a method for screening and selecting compounds, which 
treat or inhibit lipid metabolism disorders, as well as diabetic neuropathy. The selected antagonists 
and agonists may be administered, for instance, to inhibit progressive and acute disorders, such as 
arterial hypotension, hypercholesterolemia, atherosclerotic heart disease, chronic inflammatory and 
autoimmune disorders, allergic eczema and other atopic disorders, and cancers, including human 
pancreatic cancer. 

Antagonists, agonists and other compounds of the present inventioi) may be employed alone or in 
conjunction with other compounds, such as therapeutic compounds. The pharmaceutical 
compositions may be administered m any effective, convenient manner mcluding, for instance, 
administration by direct microii^jection into the affected area or by intravenous or other routes. These 
conq)osition5 of the present invention may be enq)loyed in combination with a non-sterile or sterile 
carrier or carriers for use with cells, tissues or organisms, such as a pharmaceutical carrier suitable 
for administration to a subject. Such compositions comprise, for instance, a medium additive or a 
therapeutically effective amount of antagonists or agonists of the invention and a pharmaceutically 
acceptable carrier or excipient. Such carriers may mdude, but are not limited to, saline, buffered 
saline, dextrose, water, glycerol, ethanol and combinations thereof Ute formulation is prepared to 
suit die mode of administration. 

The invention further provides diagnostic and pharmaceutical packs and kits comprising one or more 
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containers filled wifli one or more of the ingredients of the aforementioned compositions of the 
invention. Associated with such container(s) can be a notice in the form prescribed by a 
govenunental agency regulating the manufacture, use or sale of pharmaceuticals or biological 
products, reflecting approval by the agency of the manufacture, use or sale of the product for human 
administration. 

Ihe phannaceutical con^ositions generally are administered in an amount effective for treatment or 
prophylaxis of a specific indication or indications. It is appreciated that optimum dosage will be 
determined by standard methods for each treatment modality and indication, taking into account the 
indication, its severity, route of administration, complicating conditions and the like. In therapy or as 
a prophylactic, the active agent may be administered to an individual as an injectable composition, 
for example as a sterile aqueous dispersion, preferably isotonic. For administration to mammals, and 
particularly humans, it is expected that the daily dosage level of the active agent will be from 0.001 
mg/kg to 1 0 mg/kg, typically around 0.01 mg/kg. The physician in any event will determine the 
actual dosage that will be most suitable for an individual and will vary with the age, weigjht and 
response of the particular individual. The above dosages are exemplary of the average case. There 
can, of course, be individual instances where higjher or lower dosage ranges are merited, and such are 
within the scope of this inventioxL 

It is understood that tiie present invention is not limited to flie particular methodology, protocols, cell 
lines, vectors, and reagents descnbed herein. Generally, the laboratory procedures in cell culture and 
molecular genetics described below are those well known and commonly employed in the art 
Standard techniques are used for recombinant nucleic acid methods, polynucleotide synthesis, 
microbial culture^ transfonnation, transfection, etc. Generally, enzymatic reactions and purification 
steps are perfonned according to the manu&cturer's specifications. Although any methods and 
materials similar or equivalent to those described herein can be used in the practice or testing of the 
present invention, the selected methods, devices, and materials are described below. 

EXAMPLE 1 - HOMAN DIABETIC CLINICAL STUDY 

In order to determine the relationship between lipid profiles and the expression of lipid metabolic 
genes in insulin-dependent (DDDM, Type 1) and non-insulin dependent (NIDDM, Type 2) diabetics, 
a clinical study was conducted with diabetic patients and with an age-matched control population. 
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The study examined ibc lipid profiles in about eighty insulin dependent and non-insulin dependent 
diabetics. Both types of diabetes aie associated with inopaired &tty acid metabolism. The data 
shown below in the following tables weie obtained in a clinical study completed at QuantaNova 
Canada Ltd. The data indicate that there are significant differences in the fatty acid profiles of red 
blood cell phospholipids and plasma phosphohpids between diabetics and die controls. 

The changes observed in the serum chemistry data were consistent with other published studies. 
Table 2 shows the increase in triglyceride and subsequent decrease in the HDL levels in die Type 2 
diabetic patients, which has been reported previously by Fersson et al., 1996, Scand, Clin. Lab. 
Invest, 56: 183-190; Betteridge D. J.,1999, Eur. J. Clin. Invest., Vol. June 29, Suppl. 2: 12-6, and 
Kreisberg R. A., 1998, Am. J. Cardiol, 82: 67U-73U discussion 85U-86U. The cholesterol and LDL 
levels were reduced in the diabetic groups compared to the control group. 



Table 2 

Serum Chemistry Parameters 



Clinical 


Type 1 Diabetic 


Type 2 Diabetic 


Control Patients 


Measurement 


Patients 


Patients 




(mmol/1) 








Triglyceride 


1.85 ±1.19 


2.51 ±1.39** 


1.89 ±1.36 


Cholesterol 


4.28 ± 0.73 


4.51 ±0.82 


4.91 ±0.92** 


HDL Cholesterol 


0.96 + 0.28 


0.92 ±0.31* 


1.04 ±0.30 


LDL Cholesterol 


2.48 ±0.68 


2.51 ±0.85 


2.99 ±0.81** 


Glucose 


7.99 ±4.79 


7.66 ±2.02 


4.82 ±0.61** 



* indicates statistically significant difference firom the control group, p< 0.05 two tailed t-test usmg 
unequal variances 

** indicates statistically significant difference firom the odier two groups, p< 0.05 two tailed t-tcst 
using unequal variances 



Table 3 shows that the amount of linoleic acid is increased in the red blood cell phospholipids of 
Type 1 diabetics. Arisaka et aL, 1986,/. Paediatr. Gastroenterol Nutr.^ 5: 878-882, Tilvis R. S. and 
Miettmen T. A., 1985,/. ain. Endocrinol Metab., 61: 741-745, and YanDoocmaal et al., 1988, 
DiabetohgiOt 31: 576-584 have reported that insulin-dependent diabetics have an increased 
concentration of linoleic acid in their plasma. They were unable to show the same increase in linoleic 
acid in red blood cells. However, with large sample sizes and in^jroved analysis techniques we have 
on two separate occasions demonstrated that the amount of linoleic acid does indeed increase in the 
red cells of Type 1 diabetics. The higher concentration of linoleic acid present in the diabetic samples 
suggests that die provision of essential fatty acid precursors in the diet is adequate in the diabetic 
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popfolatiQn and any chaises in longer chain £itty acids were most likely due to alterations in the 
activity of the lipid metabolic enzymes and/or their genes. 



Table 3 

Linoleic Acid Concentrations in RBC Total Phospholipids (PL) and 
in two PL Sub-fractions: Phosphatidylethanolamine (PE) and 
Phosphatidylcholine (PC) (mg/100 mg fatty acid) 



PL Fraction 


Type 1 Diabetic 
Patients 


Type 2 Diabetic 
Patients 


Control Patients 


Total PL 


11.77± 1.98* 


10.81 ±1.54 


11.00 ±1.30 


PE 


5.46 ±0.97 


4.90 ±1.01 


5.18 ±1.10 


PC 


19.90 ±2.04** 


18.56 ±2.88 


18.23 ±2.84 



* indicates statistically significant difference from the Type 2 group, p< 0.05 two tailed t<-test using 
unequal variances 

** indicates statistically significant difference from the other two groups, p< 0.05 two tailed t-test 
using unequal variances 



Table 4 shows die concentrations of six fatty acids in the plasma phospholipid fraction. The linoleic 
acid concentration in the plasma phosphoHpids showed the same profile as in the red blood cell 
phospholipids. The concentration of linoleic acid was increased in the Type 1 diabetic group 
conopared to the Type 2 and control groups. Of particular importance was the decrease in the 
arachidonic acid concentration in the Type 1 diabetics. This provides fiiither evidence that die n-6 
metabolic padiway, which converts linoleic acid to arachidonic acid, is impaired in Type 1 diabetics. 
The concentration of long chain n-3 polyunsaturated fatty acids (i.e. eicosapentaenoic and 
docosahexaenoic acids) was decreased in the Type 1 diabetic group compared to the Type 2 and 
control groups. 



Table 4 

Fatty Acid Concentrations in Plasma PL (mg/100 mg fatty add) 



Fatty Acid 


Type 1 Diabetic 
Patients 


Type 2 Diabetic 
Patients 


Control Patients 


Oleic acid COA) 


10.57 ±1.76* 


9.75 ±1.19 


9.97 ±1.39 


Linoleic Acid (LA) 


24.8a±3.39* 


22.77 ±3. 12 


23.45 ±3.27 


Arachidonic Acid (AA) 


12.19 ±1.95* 


13.18 ±2.18 


13.20 ±2.39 


Dihomoganuna- 
Lmolenic Add (DGLA) 


3.35 ±0.88 


3.70 ±0.74*** 


3.30 ±0.77 


Eicosapentaenoic Acid (EPA) 


1.03 ±0.41** 


1.68 ±0.86 


1.58 ±0.97 


Docosahexaenoic Acid (DHA) 


3.57 ± 1.04* 


4.21 ±0.93 


3.90 ±2.39 
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indicates statistically significant difference from the Type 2 group, p< 0.05 two tailed t-test using 
unequal variances 

indicates statistically significant difTerence &om fhc other two groups, p< 0.05 two tailed t-test 
using unequal variances 

*'^*indicates statistically significant difference from the control group, p< 0.05 two tailed t-test using 
unequal variances 

Accordingly, tiie above clinical data clearly show tiiat lipid metabolism is altered in diabetic 
individuals in a way that cannot be accounted for by a deficiency in the precursor dietary fetty acids. 
When these data are combined with data derived from rat models of diabetes (sec Examples 2 and 3)» 
evidence points to the substantial role played by the &tty acid desaturases in altering the fatty acid 
profiUies of diabetics. 

Mftter;ftb^dM^ftff4^ 

Subjects: 34 Type 1 diabetics, 47 Type 2 diabetics, 44 Controb 

Sample Collection and Preparation : Blood was collected from fasted diabetic and control patients via 
venous puncture using 10 ml Vacutaineis containing EDTA as an anticoagulant The whole blood 
was centrifuged at 4°C for 15 min at 2500 ipm. The resulting plasma was transfisrred to a labelled 
tube and immediately stored at -20*^. The red cells were washed with an equal volume of saline. The 
saline was added to the tube and then mixed before centiiiugation as described above. The iq>per 
layer was discarded This procedure for washing red cells was repeated twice. 

gampje jSxtractiops 

Plasma : A known amount of standard was added to each millilitre of plasma before the extraction 
process. Total lipids were extracted from the plasma using chloroform: methanol (2:1, v/v) 
according to the method of Folch et al., 1957, /. BioL Chem., 226: 497-509. 

Red Blood Cells : A known amount of standard was added to 2 ml of a 1: 1 (v/v) mix of RBCs and 
water. Ten ml of methanol was added to the mixture. Tlie mixture was vortexed and allowed to 
equilibrate for 30 min. Twenty ml of chloroform was added to the mixture. After vortexing, flie 
mixture was filtered through Whatman #1 filter paper. The filtrate bad 5 ml of 0.9% saline added and 
was vortexed. After centrifugation for 10 minutes at 1500 rpm the top layer was removed by vacuum 
pump and the bottom layer was transferred to a new tube. The lipid extract was dried under nitrogen 
to remove the solvent The lipid extract was redissolved in 100 ^1 chloroform and stored at -20°C. 
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Thin-Laver Cbiomatographv: The dififeient lq)id classes from the KBCs and plasma weie separated 
using neutral lipid tbin-layer chromatograpliy. Two samples were run on a 20 cm x 20 cm 250 um 
silica gel 60F plate. The solvent system used was hexane: diethyl ether: acetic acid (80:20: 1 v/v). 
Once the plate was fully developed it was sprayed with 2,7-diclilorofluorescein to indicate the lipid 
class fractions. The silica gel containing each of the lipid class bands was scmped fit)m the plate and 
placed in a 1 6 X 125 mm screw cap test tube. 

Sample Saponification : Adding 4 ml HPLC methanol and 0.4 ml potassium hydroxide to the scraped 
TLC fraction saponified the plasma cholesterol ester fraction. This mixture was heated for 1 hr at 
90"C. The saponifred extract was extracted using 2 ml 0.9% saline and 5 ml HPLC hexane. The 
mixture was vortexed and the organic layer discarded. The remaining aqueous phase was acidified 
with 0.4 ml conceatrated faydiochloric acid Five ml of HPLC hexane was added and the mixture 
vortexed. Hie organic layer was transfbncd to another tube and dried under nitrogen to remove Hie 
excess hexane. 

Sample Methylation : All sample fractions were methylated by adding BFj-methanol and heating to 
90**C for 30 minutes according to the method of Folch et al, 1957, /. Biol Chem., 226: 497-509. The 
resultant fritty acid methyl esters (FAME) were analyzed on a gas chromatograph. 

Gas Chromatogfaph Parameters : The FAME profile was determined using a Hewlett Packard Gas 
Chromatogr^h equipped with an inter&ced ChemStation, a flame-ionization detector and a 30 m x 
0.25 mm i.d. fused silica column (HP-wax, cross linked polyethylene glycol, film thickness 0.25 \im) 
and He as gas carrier. The temperatures of the injector and detector were maintained at 225°C and 
250°C, respectively. After an initial hold of 1 min at 180°C, the column temperature was increased 
by 4'*C/min to 1 90*C (7 min hold), then by 1 O^C/min to 200*C (5 min hold) and finally by 25*C/min 
to 215X. This tempemture was maintained for 17.9 min. FAME were identified by comparison with 
authentic standards. 

EXAMPLE 2 " STKEPTOZOTOCCV-INDUCED DIABETIC RAT STUDY 

This study was designed to compare and correlate changes in the concentrations of tissue fatty acids 
to the activity of fatty acid delta-5 and delta-6-desaturases. 

Rat Idver Fatty Acid Proliles 
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This part of the study was designed to compare the changes in tissue fatty add profiles from different 
lipid classes between strcptozotocin induced diabetic rats and control rats. For the purpose of dus 
report all changes in fiatty acid levels reported are significant to p<0.01. 

Table 5 contains &tty acid data from the phospholipid faction in rat liver. Although data from the 
other main lipid classes (Le. triglycerides, cholesterol esters and free fritty acids) show substantially 
similar trends, only the phospholipid data is presented hmwith. These data help to dononstrate the 
activities within the n-6 and n-3 fatty acid metabolic pathways. The relative amount of linoleic acid 
(LA) increased in both the 2 and 7 week diabetic groups (20.42 ±1.29 and 16.6711.44 mg/lOOmg 
fatty acid respectively) compared to their respective control groups (1 1 .99 ± 0.73 and 1 L99 ± 0.93 
mg/100 mg fetty acid respectively). The LA level was also decreased in the 7 week diabetic rats 
compared to the 2 week diabetic rats. The level of dihomogamma-linolenic acid (DGLA) was 
unchanged among the experimental groups. Hie arachidonic acid (AA) level was decreased in both 
diabetic groups compared to the control groups. The level of AA was reduced from 26.90 ± 0.48 and 
23.70 ± 1.68 mg^lOO mg frttty acid in the 2 and 7 week control groups to 18.53 ± 1.84 and 17.40 ± 
2.45 mg^lOO mg frttty acid in the 2 and 7 week diabetic groins. It was also noted that the level of AA 
was decreased in the 7 week control group versus the 2 week control groiq). 

Tables 

Liver Phospholipid Fatty Acid Levels (mg/100 mg fatty add) 



FattvAcid 


Control 2 Week 


Diabetic 2 Week 


Control 7 Week 


Diabetic 7 Week 


(n=6) 


(n=6) 


(n=6) 


fn=9) 


n-6 










LA 


11.99 ±0.73 


20.42 ±1.29"^ 


11.99±0.93'*'' 


16.67 ±1.44 


DGLA 


0.96 ±0.08 


0.96 ±0.07 


1.22 ±0.19 


1.14 ±0.29 


AA 


26.90 ±0.48 


18.53 ± 1.84' 


23.70±1.68*' 


17.40 ±2.45** 


n-3 










EPA ' 


1.79 ±0.50 


1.26 ±0.23 


1.81 ±0.19 


0.71 ±0.30*^ 


DPA 


0.97 ±0.05 


1.43 ±0.28' 


. 1.11 ±0.21 


1.28 ±0.23 


DHA 


15.13 ±2.14 


15.36 ±1.53 


13.58 ±1.55 


18.14 ±1.79*^ 


Saturates 










16:0 


12.68 ± 0.46 


15.15 ±0.75" 


13.30 ±0.88 


15.92 ± 0.93*^ 


18:0 


22.24 ± 1.52 


19.53 ±2.04 


24.01 ±1.83 


21.12 ±1-76 


Monoenoic 










16:ln.7 


0.40 ±0.05 


0.22 ±0.03* 


0.57 ±0.13 


0.20 ±0.11** 


18:ln-7 


1.82 ±0.19 


1.69 ±0.14 


1.84 ±0.24 


1,44 ±0,17*^ 


18:ln-9 


2.17 ±0.34 


2.55 ± 0.29 


3,24 ± 0.49** 


3.18 ±0.69 
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Liver phospholipid fatty acid profiles. Normal control rats (sham injected) and streptozotocin 
induced diabetic rats were sacrificed at 2 weeks and 7 weeks after the onset of diabetes. The fatty 
acids are expressed as mean$ SD (mg/100 mg fatty acid). 

* 2 week diabetic group vs 2 week control group, p<0.01 
7 week diabetic group vs 7 week control group, p<0.0 1 

^ 7 week diabetic group vs 2 week diabetic group, p<0.01 

^ 7 week control groiq> vs 2 week control group, p<0.0 1 

The relative amount of eicosapentaenoic acid (EPA) was decreased in the 7 week diabetic group 
compared to the 7 week control and 2 week diabetic groups. There was an increase in 
docosapentaenoic acid (DP A) in the 2 week diabetic group compared to tiie 2 week control group. 
The level of docosahexaenoic acid was increased from 13.58 ± 1.55 in the 7 week control group and 
15.36 ± 1.53 in the 2 week diabetic group to 1S.14 ± 1.79 mg^lOO mg fatty acid in the 7 week 
diabetic group. 

The liver phospholipid fraction had increased palmitic acid in both diabetic groups compared to their 
respective controls. 

Monounsaturated fatty acid profiles of the experimental groups show that the level of palmitoleic 
acid (16:ln-7) was reduced in the diabetic groups compared to the control groups. The elongation 
product of palmitoleic acid, vaccenic acid (1 8: ln-7), was decreased in the 7 week diabetic group 
compared to the 7 week control and 2 week diabetic groups. The oleic acid (1 8: ln-9) level was 
increased in the 7 week control group (3.24 ± 0.49 mg/100 mg fatty acid) conq)ared to the 2 week 
control group (2.17 ± 0.34 mg/100 mg fatty add). 

The increase in LA and decrease in AA concentrations in the liver phospholipid fraction is indicative 
of the diabetic condition in rats and is well documented in the literature. Mimouni and Poisson 
(1991) demonstrated these same changes in &tty acid profiles from liver phospholipids in Wistar 
Bio-Breeding (BB) diabetic rats (Mimouni V. and Poisson LP.» 1991, Archives intemationales de 
Pkysiohgie et de Biochimie, 99: 1 1 1-121). Arisaka et al, 1986, /. Paediatr. Gastroenterol, Nutr,, 5: 
878-882 and Van Doormaal et al, 1988, Diabetologia, 31: 576-584 showed that LA was increased ui 
the plasma phospholq>id fraction of human Type 1 diabetics. Recently, applicant's own human 
clinical diabetic study (refer to Example 1) provided data indicatmg that AA was reduced in the 
plasma and red blood cell phospholipids of Type 1 diabetic patients. Shin et al., 1995, Diabetes 
Research and Clinical Practice, 29: 93-98 have reported that the levels of LA were increased and die 
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AA content was decreased in the membianes of liver microsomes from diabetic rats. These faXty acid 
changes are in part, due to Ifae result of decreased delta-6 and delta-5-desaturase activities in the 
tissues of diabetic faumans and rats (refer to Examples 1 and 3). Reduced activity of the desaturase 
system in diabetics was first reported by Brenner et al., 1968, Am^ J, Physiol., 215: 63-70. 
Subsequently, this finding has been verified by Mimouni V. and Poisson J.P., 1992» Biochim. 
Biophys, Acta, 1 123: 296-302, Dang et al., 1989, Lipids, 24: 882-889, and Faas F.K and Carter, 1980, 
Lipids, 15: 953-961 and is considered to be a key factor in the development of secondary 
conq)lications of diabetes. 

With reduced activities of the desaturase enyzme system indicated, the changes in n-3 fetty acids 
should parallel the changes observed in the n-6 padiway. The EPA concentration does decrease after 
7 weeks, however, DHA levels in the phospholipids increase after 7 weeks. Faas F.H. and Carter 
W.J., \9Zl, Lipids, 18: 339-342 observed similar increases in DHA in the liver phosphatidylcholine 
and phosphatidylelhanolamine (the two major sub-classes of phospholipids) total lipid fractions of 
STZ diabetic rats. Giron et aL, 1999, Metabolism, 48: 455-460 found higher levels of DHA in the 
liver of STZ induced diabetic rats. 

The increased levels of palmitic acid in the diabetic lats with concomitant decreases in palmitoleic 
acid suggest a reduced activity of the delta-9-desaturase. The reduced activity of delta-9-desaturase 
has been confinned by the direct measurement of RNA levels and enzyme activity. As mentioned 
previously, the activities of desaturase systems are reduced in diabetes. Dang et aL» 1989, Lipids, 24: 
882-889 observed tiiat insulin treatment increased the activity of delta-6-de5aturase and super-mduces 
the delta-9-desaturase. The decrease of the vaccenic acid (1 8:ln-7) in the diabetic rats suggests that 
the elongation step fiiom palmitoleic to vaccenic acid has been affected as well. Kawashima Y. and 
Kozuka H., 1985, Biochimica et Biaphysica Acla, 834: 1 18-12 showed diat diabetic rats had reduced 
hepatic microsomal &tty acid chain elongadon activity, which could be reversed by insulin therapy. 

It is well accepted that delta-6 and delta-5-desaturase activities are reduced with age. Biagi et aL, 
m\, Biochimica etBiophysica Acta, 1083: 187-192 and Uhnan et al., \99\,Lipids\ 26: 127-133 
both demonstrated that delta-6-desatuiase was reduced in older lats and by administering gamma- 
linolenic acid the activity could be partially restored. As a result of aging, there spears to be a 
decrease in the long chain polyunsaturated fatty acids and increase in the saturated and monoenoic 
adds in tissue membranes. This same phenomenon was evident in this current study. In the 7 week 
control group there was a 12% decrease in phospholipid AA content while oleic acid le\'els increased 
by 49%. The effect of aging is a factor, which needs to be addressed, when interpreting results from 
long tenn animal studies. 
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In conclusion, the fatty acid data presented herein support the £[ndings of other resesu'chers that lipid 
metabolism is altered in STZ induced diabetic rats. When these data are combined with the gene 
e^^ression and enzyme activity data, it is possible to identify specific enzymatic steps that are 
affected in diabetes. 

Materials and Methods 

Animals : Thirty female Wistar rats were received from Charles River, St-Constant, Quebec, Canada 
on October 6, 1999. The animals were co. 8-10 weeks of age and in the weigfht range of 209-246 g. 

The rats were randomly divided into 1 group of 1 8 rats and one group of 12 rats. 

Animal Husbandry : Rats were identified by numbers tattooed on their tails and were housed in 
barrier maintained animal rooms at 22 ± 2°C and a target relative humidity of 50 ± 10% with 15 air 
exchanges per hour. A 12 h light/dark cycle was controlled by a time switch, light hours bemg 0600- 
1800 h. Four rats were housed in each suspended polycarbonate cage (59 x 39 x 20 cm) witii stainless 
steel wire grid tops. After the administration of the streptozotocin, the rats that were treated were 
housed 2 per cage. Wood shavings were used as bedding material. Each cage was siqiplied with at 
least one 500 ml polycarbonate water bottle with a stainless steel sipper cap. The water and feed were 
supplied ad libitum. All animals were monitored daily according to standard procedures. 

Materials and Doses : Streptozotocin (STZ): 2-deoxy-2-[([methylnitroso-anuno]caibonyl}ainino]-D- 
glucopyranose (Sigma S-0130, St Louis, MO) 

Regular Chow: Product No. 8729C Teklad Certified Rodent Diet 

18 rats injected with 75 mg sfa:q)tozotocin/kg bd wt 

Group 1 2 week regular chow control rats 

Groi^ 2 2 week STZ diabetic rats 
Group 3 7 week regular chow control rats 
Group 4 7 week STZ diabetic rats 

Experimental Procedure: Eighteen rats were injected with 75 mg STZ/kg bd wt to induce the diabetic 
state. After 4 days the blood glucose level m each of the STZ rats was checked. Hie blood sample 
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was obtained from the tail vein. Rats, which did not have a blood glucose level of 16.7 mmol/l (> 300 
mg/dl) were rejected from the study. The diabetic rats were housed 2 per cage. After 2 weeks, 
approximately one half of the diabetic rats and control rats were sacrificed. After 7 weeks, the 
remaining diabetic and control rats were sacrificed. By sacrificing controls at the same time we 
eliminated any possible age effect when completing our data analysis. Ihe rats were sacrificed by 
exsanguination and tissues were removed for fatty add analyses. 

Sample Preparatian : Blood was collected into a 10 ml syringe containing 200 ml of a 5% solution of 

EDTA. Tbe whole blood was centrifuged at 4°C for 15 min at 2500 rpm. The plasma was transferred 
to a labelled tube and immediately stored at -20'*C. The RBC fraction was washed with an equal 
volume of saline and then centriftiged at 4% for 15 min at 2500 rpm. The RBCs were washed twice 
and then stored at-20°C. 

Liver Extractions : Ten ml chloroformmiethanol (2:1} was added to a slice of liver (approximately 0.5 
g) and ground with a Polytron homogeni2ser for 30 sec. This homogenate was transferred to a conical 
tube with the addition of another 10 ml chlorDform:methanol (2:1). Four ml 0.9% saline was added. 
The mixture was vortexed and allowed to stand at -A^C. After centrifiigation for 10 min at 1 500 rpm 
the organic phase >^'as dried under nitrogen. The lipid extract was re-dissolved in 1 ml chloroform 
and stored at -20^. 

TfiiTi-x^ Y^ Chromatography : The different lipid classes from the RBCs (phospholipids), plasma and 
liver (phospholipids, free fatty acids, triglycerides and cholesterol esters) were separated using 
neutral lipid thin-layer chromatography. The samples were run on a 20 cm x 20 cm, 250 mm silica 
gel 60F plate. The solvent was hexane:diethylether:acetic acid (80:20:1, v:v:v). Compounds were 
detected by spraying the plates with 2,7-diclilorofluorescein and the silica gel containing each of the 
lipid class bands was scraped fix>m the plate and placed in screw cap test tubes. 

Saponification : The plasma cholesterol ester fraction was ss^onified by adding 4 ml HPLC methanol 
and 0.4 ml potassium hydroxide. This mixture was heated for 1 hr at 90*€. The saponified extract 
was extracted using 2 ml 0.9% saline and 5 ml HPLC hcxanc. The mixture was vortexed and the 
remaining aqueous phase was acidified with 0.4 ml concentrated hydrochloric acid. Five ml of HPLC 
hexane was added and the mixture vortexed. The organic layer was dried under nitrogen. 

Metiylation : Four ml of BF^-methanol was added to the scraped silica gel fiiactions or flie dry 
cholesterol ester fraction and heated far 30 min at 90°C. The extracts were then cooled and extracted 
once again with 2.0 ml 0.9% saline and 5.0 ml HPLC grade hexane. The samples were vortexed for 
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30 sec and then centrifoged at 1500 ipm for 2 min. The top hexane layer was dried under nitrogen. 
The fatty acid methyl esters (FAME) were dissolved in HPLC grade hexane and analyzed hy gas 
chromatography. 

Gas Chromatograph Parameters : The FAME profile was determined using a Hewlett Packard Gas 
Chiomatograph equipped with an interfaced ChemStation, a flame-ionization detector and a 30 m x 
0.25 mm LD. fused silica column (HP-wax, cross lintel poiyetibylene glycol film thickness 0.25 
|im) and He as gas carrier. The temperatures of the injector and detector were maintained at 225°C 
and 250^C, respectively. After an initial hold of 1 min at 180°C, the column temperature was 
increased by 4^C/min to IPO^'C (7 min hold), then by WC/mm to 200°C (5 min hold) and finally by 
25®C/min to IIS^C. This temperature was maintained for 17.9 min. FAME were identified by 
comparison with authentic standards. 

Statistical Analysis : The differences in the group fatty acid level means were statistically analysed 
using the Student's T-test with a two-tailed test at p<0.01 and unequal variances. 

EXAMPLE 3 - RAT LiVER DELTA-6 AND DELTA-5-D£SATURASE ACTIVITY IN EXPERIMENTAL 
DIABETES 

Hiis part of the stody was designed to con^are the activities of fiitty acid desaturases between 
streptozotocin-indoced diabetic mts and controls. 

All statistical comparisons were made between treated and control animals sacrificed at the same 
time point since age could be a factor that affects the fatty acid desaturase activities (Hielia et al., 
\9B9,Biochem, Biophys. Res. Comrru, 163: 348-355). 

The fiUty acid delta-5 and delta-6-de5aturase activity (expressed in pmol per mg of microsomal 
protein per inin) were significantly reduced by approximately 37% and 28%, respectively, in 
hyperglycaemic animals sacrificed 2 and 7 weeks after the onset of diabetes (Table 6). 
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Table 6 

Hepatic fatty add desaturase activity ia 
normal and streptozotodn treated rats. 



Rat 

Control 
STZ 

Control 
STZ 



Time after STZ 
Treatment 
(weeks) 



2 
2 
7 
7 



Activity 

(pmol/mg microsomal protein/min) 



D6D 

172.9 ±21 
125.4 ±34" 
143.1 ±31 
102.8 ±29* 



DSD 
290.6 ±40 

195.6 ±56** 
220.1 ±30 

129.7 ±30** 



Values are the means S J), of at least 6 animals 

'and ^ indicate p » 0.02 and p= 0.009 , respectively, when con^)8red to Control rats at 2 weeks, 
''and ^ indicate p » 0.03 and p<0.01, respectively, when compared to Control rats at 7 weeks. 
STZ: streptozotodn treated rats; D6D and D5D: delta-6 and delta-5-desatiirases, respectively. 

The desaturations of either linoleic or dihomogamma-linolenic acids are reduced in hyperglycaemic 
rats regardless of the time after streptozotodn treatment The £atty add profile in hepatic 
phospholipids (refer to Example 1) witii the exception of the docosahexaenoic add levels reflected 
the delta-5 and delta-6-desaturase altered activities. Also, data on Northern blots from hepatic KNA 
(not shown) suggest that the decreases observed in delta-5 and delta-6-desaturase activities is a 
reflection of RNA levels and, therefore, point to altered transcriptional and/or other pretranslational 
controls. 



The results from the present study are consistent wifli those obtained in different laboratories using 
this and other experimental models of diabetes (Mimoimi V. and Poisson J.P., 1992, Biochint 
Biophys. Acta, 1 123: 296-302; Faas F.H. and Carter WJ., 1980, Lipids, 15: 953-961; and Brenner et 
al., 1968, Am. J. Physiol, 215: 63-70). These findings support the hypotheses that fatty acid 
desaturases are potential drug targets in diabetes and are also usefid hpid metabolic compounds for 
drug screening assays. 

Materials and Methods 
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Chemicals and Radiochemicals ; All oxganic solvents and chemicals were of reagent grade and 
obtained from Fisher-Sdentific (Fair Lawn, NJ, USA). Lipid standards, niacinamide, 
MacetylcystcinCj ATP, coenzyme A and NADU were obtained from Sigma- Aldrich Canada 
(Oakville, ON, Canada). [l-"C]Linoleic and [l-"C]dihomo-gamma-linolenic acids (99% 
radiochemical purity; 51 and 52 mCi/mmol, respectively) were purchased from DuPont Canada Inc. 
(Markham, Ontario, Canada). 

Isolation of Hepatic Microsomes: As described in otiier Examples, female Wistar rats were 
intraperitoneally (Lp.) injected with 50 mg of streptozotocin per kg of body weight Three days later, 
animals received a second dose of streptozotocin (25 mg/kg body weight). Two and 7 weeks after the 
onset of diabetes, non- fasted control and streptozotocin (blood glucose levels 21 to >33 mmoles/L) 
treated rats were put under light halothane (15% in mineral oil) anaesthesia and sacrificed by 
exsangmnation between 9:00 and 10:00 ajn. Under these experimental conditions, variations in 
en2yme activity caused by ciicadian rhythm (Actis Dato et aL, 1973, Lipids, 8: 1-6) can be avoided 
and a substantial (although submaxmial) activity of liver desaturase can be obtained (Actis Dato et al., 
1973, Lipids, 8: 1-6 and Mpen et al„ 1969, /. Lipid Res., 10: 277-282). Livers were quickly rinsed 
with cold 0.9% NaCl solution, weighed and minced with scissors. All procedures were performed at 
4°C unless otherwise specified. Microsomes were isolated by differential ultracentrifugation as 
previously described (de Antneno et al., 1994, Lipids, 29: 327-33 1). Briefly, livers were homogenized 
in a solution (1:3 w/v) containing 0.25 M sucrose, 62 mM potassium phosphate buffer (pH 7.0), 0.15 
M KCl, 1.5 mM JV-acetylcysteine, 5 mM MgCI,, and 0.1 mM EDTA using 4 strokes of a.Potter- 
Elvehjem tissue humogenizer. The homugenate was centrifuged at 10,400 x g for 20 min to eliminate 
mitochondria and cellular debris. The supernatant was filtered through a 3-layer cheesecloth and was 
centrifuged at 105,000 x g for 60 min. The microsomal pellet was gently resuspended in the same 
homogenization solution with a small glass/teflon homogenizer and kept frozen at -70^ until used 
(Leikm A.L and Brenner R.R., 1987, Biochim. Biophys, Acta, 922: 294-303). The absence of 
mitochondrial contamination was enzymatically assessed as previously described (Kilberg M.S. and 
Christensen UN., 1979, Biochemistry, 18: 1525-1530). The protein concentration was measured by the 
method of Lowry ei ai. with bovine serum albumin as the standard (Lowry et al., 1951,7. BioL Chem., 
193: 265-275). 

Desaturase Assays ; The activities of delta-5 and delta-6 desaturases were detennined by measuring 
the conversion of [l-'^C]20:3n-6 (dihomogamma-linolenic add) to [l-*^C]20:4n-6 (arachidonic acid) 
and [l-^^18:2n-6 (linolcic acid) to [l-"C]18:3n-6 (gamma-linolenic acid), respectively. In tiiis 
study the standard methodology accepted in most laboratories was used. 
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As proposed by Leikin and Bmrner (Ldkiti AL and Brenner R^, 1989, Biochim, Biophys, Acta. 
Sept2S, 1005: 187-191), the following are best conditions for the desaturation assays since ttie 
enzymes are saturated with the substrates and the reactions arc linear within the incubation time. 
Reactions were started by adding 2 or 3 mg of microsomal protein to pre-incubated tubes containing 

0. 20 fiCi of the substrate fatty acid at a fmal concentration of 333 \jM in 1.5 ml of the 
homogeni2ation solution, containing NaF (42 mM), niacinamide (0.33 mM), ATP (1 .57 mM), NADH 
(1 .01 mM) and coenzyme A (0.09 mM) as described elsewhere (Leikin A.I. and Brenner R.R., 1989» 
Bioddm. Biophys. Acta, Sept25, 1005: 187-191).Thfi tubes were vortexed vigorously and after 15 min 
incubation in a shaking water bath (37^, flie reactions were stopped by the addition of 2 ml of 1 0% 
(w/v) KOH in ethanol. Lipids m the incubation mixture were saponified at for 45 min under Nj. 
The samples were thtai left in ice for 5 min before acidification. The fatty acids were extracted with 
hexane and esterified with BFa/methanol at 90''C for 30 min (Monison W.R. and Smith L.M., 1964, 
J. Lipid Res,, 5: 600-608). 

Radiolabeled fatty acid methyl esters (FAME) were analyzed as previously described (de Antueno et 
al., 1993, Lipids, 28: 285-290). Analyses of radiolabeled FAME were carried out on a Hewlett 
Packard (1090, scries II) chromatograph equipped with a diode array detector set at 205 nm, a 
radioisotope detector (model 171, Beckman, Fullerton, CA) with a solid scintillation cartridge (97% 
efficiency for "C-detection) and a reverse-phase ODS (C-18) Beckman column (250 mm x 4.6 mm 

1. d., 5 ^m particle size) attached to a pre-colunm with a (iBondapak C-IS (Beckman). insert. FAMBs 
were separated isocratically with acetonitrile/water (95:5, v:v) at a flow rate of Iml/min and were 
identified by comparison with authentic standards. 

Statistical Analysis: The results are expressed as mean? standard deviation. The significance of 
differences was determined using a two-tailed. Student's t-tcst A difference was considered 
significant at P< 0.01. 

EXAMPLE 4 - iDENIinCATION AND CHARACTERIZATION OF HUMAN FATTY ACID DSSATURASE 
GENES 

Human genomic sequences were searched via the BLAST algorithms (Altschul et al., 1990, J. Mol 
Biol., 215: 403-410 and Altschul et al., 1997, Nucleic Adds Res, 25: 3389-3402) using known delta- 
6-desaturase sequences from Borago officinalis (GenBank Accession No. U79010) and 
Caenorkabditis elegans (locus CEW08D2). BLAST, which stands for Basic Local Alignment Search 
Tool, produces alignments of both nucleotide and amino acid sequences to determine sequence 
similarity. Because of the local nature of the alignments, BLAST is especially useful in determining 
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exact matches or in ideatifying homologs which may be of prokaryotic (bacterial) or eukaiyotic 
(animaU fungal or plant) origin* 

Three separate desaturase-like genes were discovered all residing side by side on a stretch of DNA 
(Figure 7) contained in a bacterial artificial chromosome (BAG) assigned to chromosome 1 1 
(GenBank Accession No. ACX)04770). Only two of these were annotated in the GcnBank entry as 
putative &tty acid desaturases (hereinafter referred to as hDSD and hD6£>-2). 

Experimental work via RT-PCR showed that the intnm/exon structure of hD5D (BC269730_2) as 
annotated for AC004770 in GenBank was essentiaUy correct 

Further investigation into this desaturase using 5*-RACE (rapid amplification of cDNA ends) on 
human liver cDNA revealed the presence of alternate splicing for this gene. This conclusion was 
arrived at by DNA sequencing the 5' end of a number of separate clones. There arc at least three 
dififerent exon 1 s, giving rise to at least three different variants of this desaturase known as hDSD, 
hD5D-a and hD5D-b (Figure 8). 

RT-PCR and PGR experiments using human genomic DNA with hD6D-2 (BC269730_1) indicated a 
different 3' splice junction for exon 8 otho: than that predicted by the GenBank annotation. This 
resulted in a frameshift of the downstream deduced amino acid sequence of this desaturase, 
essentially predicting a sequence with a much higher percent identity to other desaturases, including 
hD5D. It was also concluded that hD6I>2 was truncated at the 5' end in this BAG clone (GenBank 
Accession No. AC004770). Further investigation into human genomic sequences revealed 5' 
overlapping BAG clones (eg. GenBank Accession No. AC004228) which contained the predicted 
missing exon 1 for hD6D-2, All of these predictions have been confirmed by PGR cloning and DNA 
sequencing, 

A third desaturase, hD6D-l, was also discovered on the original BAG situated between hD5D and 
hD6D-2. Its exon/intron structure was confirmed via RT-PGR, PGR cloning and DNA sequencmg as 
weU, and its deduced amino acid sequence shows very high percent identity to the other two 
desaturase sequences. 

Other than the highly conserved deduced amino acid sequence of the three desaturases, they also 
share a conserved exon structure, having 12 exons each (Figure 9). 
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Clarke and co-workers have speculated that hDSD- 1 is a human delta-6-desaturase gene (Cho et al., 
1999a, /. BioL Chem., 274: 471-477) due to similarity to a mouse delta-6-desaturase. Applicants' 
work contained herein proves conclusively with functional data that hD6D-l is, in fact, a dclta'6- 
dfisaturase. Cho et al., 1999b, X Biol. Chem., 274: 37335-37339, as well as applicants (unpublished 
data) have also further demonstrated that hD5D is actually a tatty acid desaturase gene encoding a 
human delta-S-dcsaturase. Moreover, hD6D-2 has been identified as a retinal specific delta-6- 
desaturase gene by scientists at Merck Research Laboratories, West Point, PA, USA (OenBank 
Accession No. AF134404). hD6D-l has aiatorthologiD6D-l (Akietal., l999,BiochenL Biophys. 
Res. Commun., 255: 575-579). 

The deduced amino acid sequences of the human desaturases were submitted to the transmembrane 
hidden Markov model (TMHMM) server at the Technical University of Denmark, Centre for 
Biological Sequence Analysis (Sonnhammer et al., 1998, in Froc of Sixth Int Conf on Intelligent 
SysiemsforMolecularBwlogy,AAAl^ss,Meiilo?s±^CApp, 175-1B2). Using the TMHMM 
algorithm, the human desaturases are predicted to have four membrane spanning domains. These are 
highly conserved with respect to position in the amino acid sequence. As illustrated in Figure 10, 
the portion of the graph labelled inside refers to the cytosolic side of the membrane while the portion 
labelled outside refers to the lumen of the ER. 

When comparing the deduced amino acid sequences of the human desaturases to other known fiatty 
acid desaturases using a clustalw algorithm (Thompson et al., 1994, Nucleic Acid Res.^ 22: 4673- 
4680), four highly conserved regions are identified as shown in Figure 1 1 . One of these is the heme 
binding region of cytochrome bj and three of these are histidine boxes. The highly conserved heme 
binding motif in the cytochrome b^ domain is present in hD5D, hD6D-2 and hD6D-l but is not found 
in hD5D-a or hD5D-b. This is due to Ihe fact that the amino acids encoded for by the DNA sequence 
for this heme binding motif span the junction between exon 1 and exon 2. They are not found in 
exons la or lb. 

All multiple alignments were performed using the clustalw algorithm in the AlignX module of 
Vector NTI Suite (InforMax, Inc.). The scoring matrix was blossum62 with a gap opening penalty of 
10 and a gap extension penalty of 0.05. 

Of all of the human desaturases, hD6D-l is most similar to other known desaturases. hD6D-l is very 

similar to the rat (OenBank Accession No. BAA75496.1) and mouse (GenBank Accession No. 
AAD20017.1) delta-6-desaturases. Human hD5D is the most distantly related desaturase from the rat 
(i.e. iD6D-l) and mouse delta-6-desaturases (Figure 12). 
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Dendograms were performed in AiignX and calculated based on a sequence distance metix)d that 
utilizes the neighbour joining algorithm (Saitou N and Nci M., 1987, MoL Biol EvoL, 4: 406-425). 

Materials ftgdMpfcods 

RNAExtractjon : Total RNA was extracted from the human cell line Chang (ATCC # CCL-13), using 
TRIzol Reagent solution (GIBCX) BRL, MD) as described by the manufacturer. 

Primers : All primers for RT-PCR, genomic DN A PGR and RACE were designed using Primer 
Premier software (Premier Biosoft Internationa], Palp Alto, CA). 

Table 7 provides a list of the primers vliich were used in the PCR reaction for hD5D, hD6D-l and 
hD6D-2. 
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Table? 



jTuncr dequences lor uuomj 






^' ppnAnriApATrtA ArirTnTTTn-7' 




^' rn^rir'TririTT'ri'TArioriT A nriT AT-'^' 

J -L^ I VJO 1 vJLJ 1 i VJ 1 AVJTVJVJ 1 /VVJVJ i /Vi - J 


5'-ACTATTGGGGCTGAAAGCCT-3' 


5'-AGTCCCACCTTCTTTGCTTTC-3' 


5'-CATCGTGGGAAAAAGATGGT-3' 


5'-AGGGTAGGTATCTGCGTTTCTT-3' 


5'-GGGAAAAAGATGGTGCTCAA-3* 


5'-CTTCTTTGTTGCTGTCAGGGTC-3* 


5».ATGATCAATGTGCATGGGAA-3» 


5'-GGTGCTCXjATCTGGAAGTTGA-3' 




5'-AAAATCTGGCGTACATQCTGG-3* 


Primer Sequences for hD6D-l 


5'-AGGTGGTGCTCGATCTGGAA-3» 


5'-GGCACTACGCTGGAGAAGAT-3' 


5'-TCAACTTCCAGATCGAGCACC-3' 


5'-CCATTCGCCCAGAACAAA-3' 


5'.TCCAGCCAGATGTCACCAGA-3' 


5'-CXX:CTGCTGATTGGTGAACT-3' 


5-GATGTGGCCCAGTAGGAAAG-3' 


5'-AAAGGCCGTGATGAGGGTAG-J 


5'-aTTCCTACAGCCCCTGTTGA-3' 


5'-ACACAAACCAGTGGCTCTCC-3' 




5'-CCATGATCGTCCATAAGAACT-3' 




5'-ATTTGTGAAGGTAGGCGTCCAG-.3' 




5'-CATCCCnTTCTACOGCATCCT-3' 




5'-GCGGCTTCTCCTGGTATTCA-3' 




5'-GGGCCGTCAGCTACTACATC-3* 




5*.TGGCTACTGAACCAGTCACG-3' 





Reverse Transcription : About 1 jig of Chang RNA was reverse-transcribed in 5 mM MgClj, 50 mM 
KCl, 20 mM Tris-HCl (pH 8.4), 2.5 nM of random hexamer primers (Perkin-Elmer, CT), 1.0 mM 
each dNTP, 1.0 U/jd of RNase inhibitor (Perkin-Elmer) and 2.5 W\xi of MuLV reverse transcriptase 
(GIBCO BRL). The reactions were cairied out at 25*^^ for 10 min followed by 42''C for IS min in a 
final volume of 20 ^l. The enzyme was then inactivated at 99''C for 5 min. 

Polymerase Chain Reaction : The PGR reactions were carried out in 2 mM MgClj, 50 mM KCl, 20 
mM Tris-HCl (pH 8.4), 02 mM of each dNTP, 0,025 W\i\ Platinum Taq (Gibco BRL). The primers 
were at a concentration of 0.5 yM each. After an initial denaturation at 95°C for 2 min, the PGR 
reactions cycled 30 times through 95*'C for 30 sec. 6(f C for 45 sec and 72''C for 45 sec. A final 7 min 
extension at 12^ was added to the end of the cycles. The final reaction volume was 20 ^l. 
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Rapid Amplification of cDNA Ends : Nested 5'-RACE for hD5D was pexfonned on Maratiion- 
Ready''^ human liver cDNA (Clontech Laboratories, Inc., Palo Alto, CA) as described by the 
manufiacturcr. The initial gene specific primer was 5'-CCACCCACTTCTTTCGCTGGATAACA-3' 
while the nested gene specific primer was 5'-TGTGCTGGTGGTTGTACGGCATAT.3\ The PGR 
reactions were carried out in a Peikin-Ehner GeneAinp PGR system 9700 instrument in a 25 ^1 
reaction volume. 

The PGR cycling parameters were: 
94'»Cfor30sec 

5 cycles at 94*'G, 30 sec followed by 74**C, 4 min 
5 cycles at 94X, 30 sec followed by 72X, 4 min 
8 cycles at 94*'G, 30 sec followed by 70"G, 4 min 
^S'^CforSmin 

EXAMPLE 5 - Cloning of Rat and Human Desaturase Genes 

RNA Extraction : Total RNA was extracted fix)m rat liver or the human cell line Chang (ATCC # 
GGL-13), using TRIzol Reagent solution (GIBCO BRL, MD) as descnbed by the manufacturer. 

Reverse Transcription : About 1 ^g of eadi RNA was reverse-transcribed in 3 mM MgClz, 75 mM 
KCi, 50 mM Tris-HCl (pH 8.3), 2ng/^l of random primers (Perkin-Ehner, GT), 1.0 mM each dNTP, 
2.0 U/fil of RNase inhibitor (Perkln-Elmer) and 10 U/pl of MMLV reverse transcriptase (GIBGO 
BRL). The reactions were carded out at 42*^ for 30 min in a fiiud volume of 20 ^1. The enzyme was 
inactivated at 94'^G for 5 min. 

Amplification of Desaturase Genes by PGR and Cloning in Yeast Vector ; Aliquots (10 nl) of the 
reverse transcription reactions were amplified by polymerase chain reaction (PGR), using primers 
designed to generate cDNAs correspondmg to the coding sequences for the rat and human desaturase 
genes. 

The forward and reverse primers for the rat delta 6 desaturase gene (rD6D-l) were 
5'^CGGGMGCIIATGGGGAAGGGAGGTAACCAG-3' and S'-GAGGCGIOIA 
SATCATTTGTGGAGGTAGGCATG-3' respectively, for fbc cloning in the pYES2 vector 
(Invitrogen, GA). The PGR product contained an MndlQ and a Xbal site (underlined) adjacent to the 
translation initiation and stop codons respectively (indicated by boldface type). The forward primer 
for cloning rD6D-l in the pYES2/GT vector which contains a C-terminal tag for protein detection 
and purification (Invitrogen, GA) was the same as was used for the cloning in the pYBS2 vector. The 
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reverse primer was S*-CACGC GTCTAGAT TrGT0GAGGTA00CATCCAG-3'. This primer does 
not have a stop codon because a stop codon is present in the pYES2/CT vector after the C-terminal 
tag. The rD6D-l gene constructs in pYES2 and pYES2/CT vectors were named pYr5003.1 and 
pTr5004.1 respectively (Figures 13 and 14, respectively). 

The forward and reverse primers for the human hD6D-l gene to be cloned in the pYES2 vector were 
5*<:ACGCGAAaCnATGGGGAAGGGAGGGAAC-3' and 

5'<}ACGACi:ClAQAC3GOGCTGTGGCTTCATTrGT-3* respectively. The translation initiation 
and termination codons are indicated by boldface type. The PCR product contained a Hindni and an 
Xbal site (underlined). The reverse primer for hD6D-l to be cloned in the pYES2/CT vector was 5'- 
CACGC GTCTAGAT TTGTGAAGGTAGGCGTCCAG-3'; the forward was the same that was used 
for the pYES2 constructioru The pYES2 and the pYES2/CT constructs containing the hD6D-l gene 
were named pYhSOOl .2 and pTh5002.1 respectively (Figures 1 5 and 16, respectively). 

The PCR amplification was conducted in a Peridn-Elmer GeneAMP PCR system 9700 instrument in 
a 50 pi reaction volume containing: 10 \d from the RT reaction, 0.2 pM of each primer, IX HP dNTP 
mix (Clontech, CA), IX HF PCR reaction buffer (Clontech) and IX Advantage-HF polymerase mix 
(Clontech). Samples were first denatured at for 1 min followed by amplification using 30 
cycles of 30 sec at 94*^, 45 sec at 50T and 1.5 mm at 72X:, The PCR products were gel-purified 
using QlAquick gel extraction kit (Qiagen, Germany). 

The purified PCR products and the yeast expression vectors pYES2 and pYES2/CT were digested 
with specific restriction enzymes according to the restriction sites generated during amplification and 
purified using PCR purification kit (Qiagen). The digested vector and PCR products were ligated and 
transformed into competent E, coli stahi INVaF' (Invitrogen) and selected on plates containhig 
ampicillin. Selected colonies were amplified and plasmid DNA was isolated using QIAprep spin 
miniprep kit (Qiagen). All plasmid constructions were confirmed by DNA sequencing analysis. 
Transfer of the constructions into Saccharomyces cerevisiae strain INVScl (Invitrogen) was done by 
the lithium acetate method (Invitrogen) and recombmant yeast cells were selected on uracil-deficient 
medium. 

EXAMPLE 6 - Mammalian I>ESATURA5£ Control Regions 

The control region for the rD6D-l gene was located upstream of the coding portion of the same gene 
using cloning techniques to walk along Hie nucleic acid sequence using a rat genomic library (e.g. 
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RDL-4 FvuIQ. PGR, nested primers and GenomeWalker libraries were used to walk genomic DMA 
(Clontech, Palo Alto, Calif.). 

In particular, gencniic DNA was first amplified in the presence of a primer to an adapter sequence 
and another primer specific to the 5' end of the coding sequence. The amplified sequences were then 
subjected to a second round of PGR with the same, or anotfier, adapter primer and a diffisrcnt specific 
primer internal (i.e. i^stream) to the first one. 

Table 9 provides examples of forward and reverse primers that were useful in cloning the rD6D-l 
control region by nested PGR amplification. Forward adapter primers, API and AP2, used in the 1" 
and 2'"' PGR reactions were supplied in the QenomeWalko: kit (Clontech, Palo Alto, Calif), The 
reverse downstream and upstream specific primers utilized in the 1*" and 2'^ PGR reactions, 
respectively, were designed to correspond and hybridize to the 5' end of the coding sequence. The 
translation initiation codon is indicated in boldface type. 



1" PGR Reaction 
Forward API 
Reverse 

2*^ fCR. |R^^9fl 
Forward AP2 
Reverse 



Tables 

5'.GTAATACGAGTCACTATAGGGG-3' 
5'-CAGGTTGTGCTTCTGAATCTCCTC-3» 

5'-ACTATAGGGCACGCGTGGT. 3' 
5'-TCTOOCTOOTTACCTCCX7rTCCCCATa- 3* 



The conditions for the first PGR reactions were: 

7 cycles at 94*»C for 25 seconds, ll'K: for 4 minutes 
32 cycles at 94°C for 25 seconds, STC for 4 minutes 
67t; for 4 minutes 



The conditions for the second PGR reactions were: 

7 cycles at 94T for 25 seconds, 72°C for 4 minutes 
32 cycles at 94°C for 25 seconds, 71°C for 4 minutes 
67°C for 4 minutes 
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PGR reaction products were recovered, inserted into a TA cloning vector, preferably pCRII 
(Invitrogen), and then sequenced. Linearized cloning vectors for TA cloning contain a single 3* 
deoxythymidine (T) residue overhang to allow for efficient ligation to PGR products with 3' 
deoxyadenosine (A) overhangs. DN A products of PGR amplification contain a single 3' A overhang 
due to the nontcmplate-dependent activity of Ja^ polymerases. 

Subclomng of the rD6D-l control region following its insertion into the pCRU cloning vector was 
achieved during PGR an^>lification using a new set of forward and reverse primers. The 
oligonucleotide primers used in subcloning the rD6D-l control region may advantageously comprise 
additional nucleotide sequences which contain one or more endonuclease recognition sites to 
&cilitate insertion and ligation into an e^qsression vector following PGR amplification. In the present 
invention, the forward and reverse primers contain a Sad andJOtol restriction site, respectively. 

Optionally, an oligonucleotide primer may also contain a translation initiation codon (Le. positioned 
downstream at the 5*-end of the reverse primer) which is operatively associated with a heterologous 
nucleic acid sequence encoding a gene product. In a preferred embodiment of the present invention, 
^e translation initiation codon is not provided widiin the reverse primer sequence but is supplied 
instead from the 5'-end of the heterologous nucleic acid sequence which is ligated to the 3 -end of the 
control region. 

Examples of forward and reverse primers that are useful in cloning the rD6D- 1 control region from 
position -1 from the translation initiation codon, ATG, from the TA cloning vector for subsequent 
insertion into a reporter vector are listed below in Table 9. The endonuclease recognition sites are 
underlined 

Table 9 

Forward 5*.CACGACGAGCTCCTGGTGTTCATTCCTTCTGAGA-3» 
Reverse 5'.GAGGAGCI£gAeGCTGGGTGTGTAGGGGGATGA-3' 

hi a preferred embodiment of the present invention, the control region which is isolated and cloned 
from the rD6D-l gene contains a nucleotide sequence (1.6 kb) from nucleotide -1395 to the 
translation initiation site of the rat desaturasc gene, or a portion of that sequence represented by NO: 
1. 

The hD6D-l control region was cloned from human genomic DNA. In particular, genomic DNA 
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from Chang cells was amplified in the presence of a xeverse primer from position -101 from the 
translation initiation codon, ATG, and a forward primer approximately 1 .4 kb further upstream. 
Another reverse primer was also used subsequently to clone the hD6D-l control region from position 
-1 from the translation initiation codon, ATG, to position -1497 using the same forward primer. 

Table 10 provides examples of forward and reverse primers that were usefril in cloning the hD6]>l 
control region by PGR amplification. 

Table 10 

Forward 5'-TCTCAGGCTCTCCATTTTCA-3' 

Reverse S'-CTCTTCGCTTTCGGCTTTTG- 3' 

Reverse 5'- CACQCGCTGCAGGCTOCCritKXX3ACTOTa^ -3' 

Forward 5'-GCG GGTACCT CTCAGGCTCTCCATrTTCAAGTG-3* 

Reverse 5'-GCGGGT^CCGCTGCCTGCCGACTGTGA-3' 

PGR reaction prbducts (1 .4 and 1.5 kb) were recovered, inserted into a TA cloning vector, preferably 
pCRn (Invitrogen), and then sequenced. To &cilitate insertion and ligation of the control region of 
1.4 kb into a reporter vector, the pCRII cloning vector was cut with endonuclease enzymes at flie 
restriction sites Kpnl and Xhol, which were already present in the pCRII vector and which flanked 
tiie cloning site where the control sequence was inserted. The pCRU construction containmg the 1.5 
kb fragment of the bD6D control region, was used as DNA template to performed PGR amplifrcation 
with primers containing restriction site for the endonuclease enzyme Kpnl (underlined in Table 10). 
The reaction product of 1 .5 ld>» containing the hD6D DNA fragment from position -1 from the ATG 
to -1497, was inserted into the reporter vector aft«: restriction of both the FRG product and the 
reporter vector with the endonuclease en^me Kpnl and subsequent ligation. The proper orientation 
of the inserted fragment was determined by sequencing. In a preferred embodiment of the present 
invention, the translation initiation codon is not provided within the reverse primer sequence but is 
sii^phed instead within the 5'-end of the heterologous nucleic acid sequence which was ligated to the 
3*-end of the control regioiL 

In a preferred embodiment of the present mvention, die control region isolated and cloned from the 
hD6D-I gene contains a nucleotide sequence (1 .4 or 1.5 kfo) from nucleotide -1497 to -101 or to -1 of 
the human dcsaturase gene, or a portion of that sequence represented by SEQ ID NO: 2 . 
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EXAMPLE 7 - CELL TRANSFOBMATION AND CAT/ LUOFESUSE ENZYME ASSAYS 

The rat control region (1.6kb upstream from the ATG) was subcloned in fiame in the CAT 
(Chloramphenicol Acetyl Transferase) reporter vector pCAT-3-Enhancer (Promega Corp., WI) by 
PGR. The forward and reverse primers used were 
5'<:ACGACSAQCICCTGCTGTICATrCCTTCTGAGA-3' and 5'- 

CACGACCTCGAGGCTGCCTGTCTACCCGGATGA-3' respectively. The PGR product contained a 
iSacI site and a Xfiol site (underlined) and does not contain the AP2 adapter (use in the cloning 
process) nor the ATG. The ATG from the CAT gene is used instead. 

The PCR amplification was conducted in a Perkin-Ehner GeneAI^P PCR system 9700 instrument in 
a 50 111 reaction volume containing: 5 yug of the plasmid DNA construction pCRII containing the rat 
desaturase control region, 02 pM of each primer, IX HF dNTP mix (Clontech, CA), 1 X HF PGR 
reaction buffer (Clontech) and IX Advantage-HF polymerase mix (Clontech). Samples were first 
denatured at 94°G for 30 sec followed by amplification using 30 cycles of 30 sec at 94°C, 45 sec at 
60°C and 1 .5 min at 72''C. The PCR products were gel-purified using QL\quick gel extraction kit 
(Qiagen, Germany). 

The gcl-purifled PGR product and the pG AT-3-Enhancer vector were digested with the Sacl and Xltol 
restriction enzymes, ligated and transformed into competent E. coli stain JMl 09 (Promega). 
Colonies were selected on plates containing ampicillin. Selected colonies were amplified and 
plasmid DNA was isolated using QlAprep spin miniprep kit (Qiagen). The transformants were 
screened by restriction analysis and confirmed by DNA sequencing. The 1 .6 kb rat desaturase 
control region cloned in the pCAT-3-Enhancer vector was named pRr400 1 . 1 (Figure 1 7). 

The human hD6D-l control region (1.4 kb) was cloned by PCR in the TA cloning vector pCRII 
(Invitrogen). The forward and reverse primers used were 5'-TCTCAGGCTCTCCAnTTCA-3' and 
5'-CTCTrCGCTTTCGGCTTTTG-3' respectively. The PCR conditions were similar to those used 
for the rat control region. The pCRII construction containing the hD6D-l control region and the 
pCAT-3-Enhancer vector were digested with the I^rtl and the Xkol restriction enzymes. The 
promoter fragment was gel-purified and ligated in the pCAT-3-£nhancer vector. After 
transformation into the con^ctcnti?. coU stain JMl 09 (Promega), colonies were selected on plates 
containing ampicilliiL Plasmid DNA was isolated using QIAprep spin miniprep kit (Qiagen) from 
the isolated colonies and screened by restriction analysis and confirmed by DNA sequencing. This 
construction was named pRh40G2.1 (Figure 18). 
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A longer fragment from the hD6I>- 1 control region ( 1 .5 kb) was also cloned by PGR in the TA 
cloning vector pCRII (Invitrogen), The forward and reverse primers used were 5'- 
TCTCAGGCTCTCCATTTTCA-3' and 5'-CACGCGCTGCAGGCTGCCTGCCGACTGTG A -3' 
respectively. The resulting construction was subsequently used as DNA template for PGR 
amplication with the following forward and reverse primers: S-QC QQQTACC ICTC 
AGGCTCTCCATITTCAAGTG-3' and S'-GCGGGTAfiOGCTGCCTG COGAGTGTGA-3'. The 
amplication primers contained restriction site for the endonuclease enzyme Kpnl (underlined). The 
PGR product was digested with the enzyme Kpnl before its ligation in the reporter vector pGL-3 
Basic, which was also digested with the same enzyme. After transfoimation into the competent E. 
coli stain TOP 10 (Invitrogen), colonies were selected on plates containing ampicillin. Plasmid DNA 
was isolated using QIAprep spin miniprep kit (Qiagen) from the isolated colonies and screened by 
restriction analysis and confirmed by DNA sequencing. This construction was named pGfa4015.1 
(Figure 19). 

Cell Transfection : The cell line ZR-TS-l (ATGC # CRL 1500) or HepG2 (ATCC # HB-8065) 
was transfecled with 5 ^g of the plasmid DNA constructions pRr4001.1 or pRh4002.1 using 5 ^1 of 
lipo&ctamine 2000 Reagent (Gibco BRL, life Technologies, MD) in a 6-well plate as described by 
the manufacturer. The plasmids pGAT-3-Enhancer (5 ]ig) or pGL3-Basic (5 |ig) and were also 
transfected as positive and negative controls respectively. In all cases, 5 ^g of the plasmid 
construction pSV-p-Gal (pSV-P-Galactosidase control vector; Promega Corp,) was also co- 
transfected and used as an internal control to standardize the transfection efQciency between each 
transfection. 

Stable cell transfection: Stable transfection was pcrfcmncd using the HcpG2 cell line, which was 
adapted to grow in tissue culture dishes treated with 0.1% gelatin. The day before transfection, the 
cells were plated into 60 mm tissue culture dishes, so that they were 85-95% confluent on the day of 
transfection. For each dish of cells to be transfected, 10 jig of plasmid DNA (pGh401 5.1) along witii 
I Jig of the vector pRSV-NEO (AtCC# 37198), was dfluted in 500 [il of Opti-MEM (GIBCO-BRL) 
without serum. For each dish of cells to be transfected^ 10 |il of Lipofectamine 2000 reagent 
(OIBGO BRL) was diluted in 500 ^1 of Opti-MEM, and incubated at room temperature for 5 min. 
The diluted DNA was mixed with ^ diluted lipofectamine and incubated at room temperature for 20 
min. The DNA-lipofectamine complexes (1ml) were put directly into each dish of cells to be 
transfected and mixed gently by rocking the dish back and forth. The cells were incubated at 3TC in 
a GO2 incubator for 24h. Each transfected dish of cells was then passaged into two 150 mm tissue 
culture dishes. The following day, geneticin (GIBGO BRL) was added to the culture medium at a 
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conceatrationof 800M.g/xnl. The cells were kept in selection for 4 weeks. Clones were transferred 
into a 96-W611 plate (one clone per well) until liiey reached confluence. Siihsequentiy, the clones 
were transferred to a 24-weU plate before been tested for lucifcrase activity. 

CAT rChloiamphenicol Acetyl Transferase) Enzyme Assay ; For the CAT assays, the transfected 
cells were harvested 48h af%er transfection and cellular protein extracts were prepared using IX 
Rqx>rter Lysis Buffer (Promega). The CAT assay was done using the CAT Enzyme Assay System 
from Promega following the company's protocol. Essentially, about 20 of protein extract was 
incubated with 75 \iCi of '^C-chloramphenicol (NEN, MA) and 25 ^g of n-butyryl Coenzyme A 
provided in the kit. The reaction mixture was incubated at SY^'C for Ih. The reaction was then 
stopped by the addition of 300 ^l of mbced xylenes. The xylenes phase was extract twice with 1 00 ^1 
of 0.25 M Tris-HCl (pH 8.0); 200 pi of the upper xylene phase was combined witii 10 ml of 
scintillation fluid (Ready-Safe» Beckman, CA) and counted in a liquid scintillation counter. A 
standard curve was also performed with pure enzyme, at the same time, to ensure that the extracts 
were diluted enough to give a enzymatic reaction that is m the linear range of the standard curve. 

Beta>Galactosidase Enzvme Assay ; The beta-galactosidase enzymatic activity was used as an 
internal control to standardize the transfection efticiency between transfections. To do the assay, tiie 
same amount of protein extract (20 pg) used for the CAT assay was diluted with IX Reporter Lysis 
Buffer to ISO |d and uicubated with the same volume of 2X Assay Buffer (Beta-Galactosidase 
Enzyme Assay System, Promega) which contained 200 mM sodium phosphate buffer, pH 7.3, 2 mM 
MgClz, 100 mM beta-mercaptoetiianol and 1 .33 mg/ml ONPG (o-nitrophenyl-beta-D- 
galactopyranoside). The reaction mixture was incubated at 37°C for 30 min to Ih (until a faint 
yellow color has developed). The reaction was stopped by addition of 500 pi of 1 M sodium 
carbonate and the absorbance was read at 420 nm. 

Luciferase Activity Assay: T he luciferase assays were done using the Ludfeiase Assay System from 
Promega (Promega, WI). Briefly, the cells grown in a 24-weIl plate, were washed with PBS (Ca^* 
and Mg^"^ free) and lysed with about 100 ^1 of IX CCLR (Cell Culture Lysis Reagent, Promega). 
Twenty ^1 of cell lysate was dispensed into a luminometer tube. The tube was placed in the 
luminometer (Berthold #9707, Monolight 3010, PharMingen, San Diego, CA ) and 100 \i\ of 
Luciferase Assay Reagent (Promega) was injected into the tube. The luminometer was programmed 
to perform a 3-6econd measurement delay followed by a IS-second measurement read for luciferase 
activity. The results were expressed in Relative Light Unit per 15 seconds (RLU/15s). 

Results : Refer to Figure 20. 
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Conclusions : The results of the transfections done in the human cell line ZR-75-1 shown in Figure 
20 indicate that the human and the rat delta-6-desaturase-l gene control regions are as active as the 
S V40 promoter in this cell line. The &ct that the rat control region is slightly less active than the 
human could be e7q>la]ned by the lack of species specific foctors. 

EXAMPLE 8 - REGULATION OF THE HD6D-1 Promotor Activity by TVFA 

Previous Northern blot results mdicated possible regulation of the hD6D-l promoter activity by 
PUFAs. We used 2 stable clones transfected with 1.5 kb fragment of the hD6D-l control region 
fused to the luciferase coding region, to address the possible regulation of the promoter activity by 
PUFAs. 

Chemicals: The DHA was obtained from Sigma-Aldrich. The stock solution was diluted in efhanol 
to a final concentration of 140 mM. 

Cell Culture and incubation: The HepG2 stable clone 19 and 72, were plated in a 24-well plate (one 
plate per clone) treated with 0. 1 % gelatin, containing a-MEM supplemented with 10% FBS (Fetal 
Bovine Serum) and 200 ^g/ml of geneticm (all from GIBCO BKL). When the cells reached about 
80% confluence, the culture medium was replace with Williams* medium £ (GIBCO) containing 
insulin (1 ^M), dexamefhasone (1 nM) and 0.27% BSA (Bovine Serum Albumin) all from Sigma. 
Six wells for each plate were treated with DHA at a concentration ofO, 25, 50 and 100 pM. After an 
incubation time of 6, 24 and 48h, the wells were washed wdth PBS and the cells lysed with 100 (il of 
IX CCLR (Promega). The luciferase assays were performed using a single tube luminometer using 
ttie Luciferase Assay System from Promega as indicated above. 

Results: Treatment of the cbnes with DHA, dramaticaUy decreases the lud&rase activity ^ch 
indicates that DHA directly or indfrectly affects the transcription activity of the 1.5 kb fragment from 
die hD6D-l control region present m the plasmid construction pGfa4015.1 (Table 1 1). 
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Table 11 

Luclferase activity from stable transfectBd cells treated with DHA. 



RLU/15S 



DHA Concentratioii 
i\M) 

Clone 19 


6h 


Jncubation time 
24h 


48h 


0 


5.33E+06 


1.92E+07 


2.37E+07 


25 


3.91E+06 


8.33E+06 


1.35E-K)7 


50 


3.96E+06 


6.32E+06 


8.73E+06 


100 


2.11E+06 


3.87E+06 


4.16E-H)6 


Clone 72 
0 


1.40E+06 


8.86E+05 


1.11E-H)7 


25 


8.27E+05 


2.66E-K)6 


3.68E+06 


50 


6.69E+05 


1.43E+06 


2.18E+06 


100 


3.07E+05 


8.55E+05 


9.80E-H)5 



EXAMPLE 9 - Functional Analysis of Yeast Cells Transformed With Rat Delta-6-DesatDrase 
Gene (rD6D-l) With (pTr5004.1) or withoat (pYr5003.1) V5/6xHis tags 

Chemicals and Radiochemicals; Iris buffer, fatty acid ftee bovine serum albumin, tergitol, 
carbohydrates, amino acids and fatty acids were obtained £com Sigma-Aldnch Canada (OakviUe, ON, 
Canada). Yeast nitrogen base without amino acids was pnrchased fiom Difco (Becton Dickinson Co; 
Sparks, MD, USA). All organic solvents (HPLC grade) were obtained &om Fisher-Scientific (Fair 
Lawn, NJ, USA). 

[l-^CJ-Linoleic acid^ [l-**C]-alpha-linolenic acid and [l-^^C]-dihomogamma-linolenic acid (99% 
radiochemical purity; specific activity: 51 , 52 and 52 |xCi/(unol, respectively), were purchased fi'om 
NEN (Boston, USA). These fatty acids were saponified with KOH (O.I M) and dissolved in SC-U 
medium (minimum medium without uracil) with 1% tergitol. 
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Incubation : Transfonned Saccharomyces cerevisiae cells with a lat &tty acid delta-6-desaturase 
gene (rD6D-l), with (pTr5004.1) or without (pYr5003.1) V5/6xHis tags, were incubated in 125 mL 
Erlenmcycrs containing 10 mL of SOU medium (1% rafSnose), 1% tergitol (O.D. 0.4, 
approximately 32 x 10^ cells) and the potassium salts of either [l-*^C]-linoleic, [l-'*C]-alpha- 
linolenic or [l-'^CJ-dihomogamma-linolenic acids. After 5 h incubation in an orbital incubator at 280 
ipm and 30°C» cells reached the log phase and the tcansgene e>q>Tes6ion was induced with galactose 
(2% final concentration). Yeast were fiirtfaer incubated for 19 h until they were harvested by 
centrifugation at 5000 x g for 10 minutes at 4*^0. 

Cell were washed with Tris buffer (100 mM, pH 8.0) containing 0.1% BSA and total lipids were 
extracted as described below. The radioactivity from aliquots of the supernatant and the cells was 
determined by liquid scintillation counting using a LS650D-ScintiIlatiQn System (Beckman). 

The host yeast transformed with pYES2 vector alone was used as negative control. 

Delta-S-Desaturase Activity of Transfonned Yeast in Various Cnlture Conditions 

Transformed yeast were incubated as described above with different concentrations and specific 
activities of [l-*^-linoleic acid (range from 2 to 500 and 0.4 to 20 ^G/^mol, respectively) or 
with 25 |iM [N**C]-linoleic add at 15X for 48 h. In another experiment, cells were incubated with 
25 \M of [l-*^C]-a^ha-liQolemc acid and harvested at 2, 5 and 19 h after the transgene induction 
with galactose. 

Lipid Extractiott: Total lipids were extracted from ccUs with chloroform/methanol (2: 1 , v/v) 
according to the method of Folch et al., 1957, J, Biol Chem.y 226: 497-509. The total lipid extracts 
were methylated using boron triiluoride in methanol at PO'^C for 30 min (Morrison W.R. and Smidi 
L.M., 1 964, J. Lipid Res,, 5: 600-608). The resultant methyl esters (FAMEs) were analyzed as 
described below. 

High Performance Liquid Chromatography (HPLC^ Analysis ; Analyses of radiolabelled FAME were 
carried out on a Hewlett Packard (1090, series II) chromatograph equipped with a diode array 
detector set at 205 nm, a radioisotope detector (model 171, Beckman, FuUerton, CA) with a solid 
scintillation cartridge (97% efficiency for ^^detection) and a reverse-phase ODS (C-18) Beckman 
colimin (250 mm x 4.6 mm i.d.; 5 ^m particle size) attached to a pre-column with a ^iBondapak C-18 
(Beckman) insert. FAME were separated isocratically widi acetonitnle/water (95:5, v:v) at a flow 
mte of ImL/min and were identified by comparison with authentic standards. 
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The eluted FAME were collected and the solvent ev^orated. FAME were re-dissolved in hexane for 
farther analysis by gas chromatography. 

Gas Chromatography (GO Analysis : The FAME profile was determined using a Hewlett Packard 
Qas Chromatograph equipped with an interfaced ChemStation, a Hame-ionization detector and a 30 
m X 0^5 mm Ld fused silica column (HP-wax, cross linked polyethylene glycol, film tiiickness 0.25 
}im). He was the gas carrier. The temperature of the injector and detector was set at 225 and 250^, 
respectively. The oven temperature was programmed as follows: started at 180X and held it for 1 
min, increased 4°C/min until 190°C was reached and held it for 7 min, increased lO^C/min up to 
200'*C and held it for 5 min, increased 25'*Cymin until 215°C was reached and this final temperature 
was maintained for 175 min. FAME were identified by comparison with authentic standards (dc 
Antueno et al., 1994, Lipids, 29: 327-331). 

Results : There was a modest incorporation of radiolabelled linoleic acid, (18:2n-6, LA) and alpha- 
linolenic acid (18:3n-3, ALA), bolh substrates of delta-6-desatuTa5e, into the transformed yeast after 
24h incubation with 500 ^M of each fatty acid (Table 12). 

Table 12 

Percent of radioactivity recovered in Saccharvmyces cerevisiae cells transformed with 
pYr5003.1 and pYES2, after the incubation for 24h with 500 |iM linoleic acid 
((l."C]-18:2n-6) and alpha-Iinoienlc add ([l-*^C]-18:3ii-3). 



PLASMID 


FATTY ACID (2 uCO 




% 






Cells 


Supernatant 


pYr5003.l 


[l-"C]-18:2n-6 


2.23 


46.75 


pYES2 


[l-"C]-lS:2n-6 


2.34 


48.26 


pYi5003.i 


[l-"C]-18:3n-3 


3.19 


28.35 


pYES2 


[l-"C]-18:3n-3 


5.53 


29.63 



Values are the mean (dispersion, 10%) of two yeast cultures derived farm the same 
transfonned colony. 
O.D«o: 19.35 ±1.96 

The analyses by two different methods, reverse phase-high performance liquid chromatography (RP- 
HPLC) and capillary column-gas chromatogn^hy (GC), revealed that linoleic acid was converted 
into gamma-linolenic acid (18:3n-6, GLA) in yeast transfonned with pYr5003.1 (Table 13; Figures 
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21 and 22, panel B). Such enzyme activity was not detected in the host yeast transformed with 
pYES2 alone (Figures 21 and 22, panel A). 



Table 13 

Percent of substrate conversion and enzyme activity 
in Saccharomyces cerevlsiae cells transformed with pYr5003.1, 
19 h after the induction with galactose. 



PLASMID 


FATTY ACID 


% 


pmol/h/lO'cells 




Substrate (500 |iM) 






pYr5003.l 


[l-"q-18:2n-6 


14:21 


5.71 


pYr5003.1 


[l-'*C]-18:3n-3 


21.61 


10.94 



Values are the mean (dispersion, 1 0%) of two yeast cultures derived form the same 
transformed colony. 
O.Dao: 19.35 ± 196 



The percent uptake of radiolabelled linoleic acid (18:2n-6) by hansfonned yeast slightly varied with 
the fatty acid specific acdvity (ratio between radioactivity, in ^Ci, and concentration in fiM; Table 
14) with no significant changes in the coavension of linoleic acid to ganuna-Iinolenic acid (Table 



Table 14 

Percent of radioactivity recovered In Saccharomyces cerevisiae cells transformed 
with pYr5003.1 after the incubation for 24h with linoleic acid (|l'^C]-18:2n.6) 
at different concentrations and specific activities 



Concentration 


Radioactivity 


Specific Activity 


% 


(MM) 


(^Ci) 


(fiCi/|imol) 


Average 


500 


2 


0.4 


1.48 


50 


2 


4.0 


1.76 


25 


2 


8.0. 


2.29 


10 


2 


20.0 


2.08 


500 


1 


0.2 


1.79 


50 


1 


2.0 


2.16 


25 


1 


4.0 


2.18 


10 


1 


10.0 


1.95 



Values are the mean (dispersion. 10%) of two yeast cultures derived form the same 
transformed colony 
O.D«o: 21.92 ±1.25 



-82- 



SUBSTITUTE SHEET (RULE 26) 



wo 01/70993 



PCT/CAOl/00398 



Table IS 

Percent of linolelc acid (18:2n-6) conversion to gamma-linolenlc acid (18:3n-6) 
in Sacdtaromyces cerevisiae cells transformed wttli pYr5003.1, 24 h after the 
incubation witb different concentrations of [l-*^C]-18:2n-6 and 19 h after the 

induction with galactose. 



Concentration 


Radioactivity 


Specific Activity 


% 






(riCi/|imol) 


Average 


SCO 


2 


0.4 


17.27 


so 


2 


4.0 


16.04 


25 


2 


8.0 


14.35 


10 


2 


20.0 


15.52 


500 


1 


0.2 


15.38 


50 


1 


2.0 


14.84 


25 


1 


4.0 


14.18 


10 


1 - 


10.0 


13.92 



Values are the mean (dispeisioi^ 10%) of two yeast cultures derived form the same 
transfoimed colony. 
O.D«oo: 1935 ±19.6 



The uptake of radiolabelled a^ha-Iinolenic acid (18:3n-3) and its conversion to 18:4n-6 were 1.5- 
fold higher than diose detected for linoleic acid (Tables 12 and 13). The delta-6 desaturation of alpha- 
linolcnic acid linearly increased with die induction time (Figure 23). These findings showed that, in 
transformed yeast under these experimental conditions, delta-6-desaturase activity on alpha-linolenic 
can be accurately detected within the first 2 h of the induction of the gene expression with galactose. 

No desaturation activity was detected when transformed yeast with pYr5003.1 were incubated with 
[l-'^C]-dihomogamnia-linolemc acid (20:3n-6). 

There was a reduction of approximately 50% in the conversion of linoleic acid into gamma-linolenic 
acid in transformed yeast with delta-6-desaturasc-V5/6xHis tags, pTr5004.1, when compared to that 
without tags, pYr5003.1 (Table 16). 
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Table 16 

Percent of linoleic acid converted into gamma-Iinolenic acid in 
transformed yeast witti delta 6-desatnrase rat gene (rD6D-l) with Q[>Tr5004.1) 
and without (pYr5003.1) V5/6xHis tags. 



Transformed Yeast 

pTr5004.1 (+tags) pYr5003.1(- tags) 

6.35 12.06 



Values are the mean (dispersion. 10%) of two yeast cultures derived form the same 
transformed colony. 
O.D«o 9.0 ±0.94 

Approximately 1 1% desaturation of linoleic acid was observed in transformed yeast with pYr5003.1 
incubated at 1 S^'C for 48 h. 

Conclusion : The functional analysis of the tiansgene construct pYr5003. 1 in Saccfiaromyces 
cerevisiae revealed that the gene encodes a fatty acid delta-6-desaturase which is active on linoleic 
add (18:2n-6) and alpha-linolenic acid (18:3n-3) under different e}q>erimental conditions. 

EXAMPLE 10 - Functional Analysis of Yeast Cells Transformed With Human DeUa-6 

Desatnrase Gene (hl>6D-l) with (pTh5002.1) or without (pYh5001.2) V5/6xHis tags 

Chemicals and Radiochemicals; Tris buffer, fatty acid free bovine serum albumin, tergitol, 
carbohydrates, amino acids and fatty acids were obtained from Sigma-Aldrich Canada (Oakville, ON, 
Canada). Yeast nitrogen base without amino acids was purchased from Difco (Becton Dickinson Co; 
Sparks, MD, USA). All organic solvents (HPLC grade) were obtained from Fisher-Scientific (Fair 
Lawn, NJ, USA). 

[l-**C]-Linoleic acid, [l-'^C]-alpha-linolenic acid and [l-"C]-dihomogamma-linolenic acid (99% 
radiochemical purity; specific activity: 51, 52 and 52 ^Ci/^mol, respectively), were purchased from 
NEN (Boston, MA, USA). These fetty acids were saponified with KOH (0.1 M) and dissolved in 
SC-U medium (mmimum medium without uracil) with 1% tergitol. 

Incubation : Transformed Saccharomyces cerevisiae with a humim fotty acid delta-6-desatura5e gene 
(hD6D-l), with (pTh5002.1) or widiout V5/6xHis tags (pYh5001.2), were incubated in a 125 ml 
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Erlemneyer containing 10 ml of SC-U medium (1% za£Qnose), 1% tergitol (OD^ 0.4, 
approximately 32 x 10* cells) and 25 )M (1 \iCT) potassium salts of either [l-'''C]-linoleic or 
alpha-linolenic. Cells without V5/6xHis tags (pYh5001.2) were also incubated with 
[l-^^CJ-dihomogamma-linolenic and [l-*^C]-oleic acids. Yeast transfonned with a rat dclta-6- 
desaturase gene, with (pTr5004.1) or without V5/6xHis tags (pYr5003.1) were used as controls. 
After 5 h incubation in an oibital incubator set at 280 rpm and 30°C, cells reached the log phase and 
tfie transgene expression was induced with galactose (2% final concentration). Yeast were fiinher 
mcubated for 19 h (CD^o approximately 9.55 ± 1 .62) until th^ were harvested by centrifugation at 
5000 X g for 10 minutes at 4°C. 

Cell were washed with Tris buffer (100 mM, pH 8.0) containing 0.1% BSA and total lipids were 
extracted as described below. The radioactivity &om aliqiiots of the supernatant and the cells at time 
zero and after the incubation was determined by liquid scintUlation counting using a LS6500- 
Scintillation System (Beckman). 

The host yeast transformed witii the pYES2 vector alone was used as negative control (data not 
shown). 

Lipid Extraction : Total lipids were extracted from cells with chloroform/methanol (2:1, v/v) 
according to the method of Foloh et aL, 1957, /. Biol Ckem,, 226: 497-509. The total lipid extracts 
were meOiylated using boron trifluoride in methanol at 90°C for 30 min (Morrison W.R. and Smith 
L J^., 1964, / Lipid Riss.^ 5: 600-608). Hie resultant methyl esters (FAMB) were analyzed and are 
described below. 

High Performance Liquid Chromatography (W'hO Analysis ; Analyses of radiolabellcd FAME were 
carried out on a Hewlett Packard (1090, series II) chromatograph equipped with a diode array 
detector set at 205 nm, a radioisotope detector (model 171 , Beckman, Fullerton, CA) with a solid 
scintillation cartridge (97% ef&ciency for '^C-detection) and a reverse-phase ODS (C-18) Beckman 
column C250 mm x 4.6 mm i.d.; 5 pm particle size) attached to a pre-column with a pBondapak C-18 
(Beckman) msert. FAME were separated isocratically witia acetonitrile/water (95:5, v:v) at a flow 
rate of Iml/min and were identified by conipaxison \sith authentic standards. 

Results : 

Fatty Acid Uptake : The total radioactivity recovered from the administered [l-"C]-linolcic acid or 
[l-"C]-alpha-linolemc acid in the transformed yeast and in the supernatant after 24 h incubation was 
low (Table 1 7). This indicated that the cells were able to uptake octadecadienoic and octadecatrienoic 
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acids and metabolize them» probably through P-oxidation mechanisms (Van Roermund et al., 199S, 
EMBOJ,, 17: 677-687). Conversely, 65-70% of the total radioactivity of die administered [1-"C]- 
dihomogamma-linolemc acid or [l-*^C]-oleic acid remained in the si^)ematant and only 1.0 - 1.4% of 
the administered radioactivity was recovered in yeast (data not shown). 
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Table 17 

Percent of radioactivity recovered in Saccharomyces cerevisiae cells transformed with 
pYhS001.2» pYr5003.1, pTh5002.1 or pTr5004.1 after the incubation for 24h with 25 |iM 
linoldc acid (ri-''q-18:2n.6) or alpha-linolenic add ([1-'^C]-18:3d-3). 



PLASMID FATTY ACID % Average 
(1 MCi) 









Cells 


Snpematant 


pYhSOOU (human; -tags) 


[1- 


."C]-18:2n-6 


1.66 


28.91 


pYr5003.1 (ra^-tags) 


[1- 


.'''C]-18:2n-6 


2.26 


25.46 


pTh5002.1 (huiuan; +tags) 


[1- 


-'^C]-18:2u-6 


2.92 


24.13 


pTr5004.1 (rat; +tags) 


[1- 


.^''C]-18:2n-6 


3.75 


17.60 


pYh5001.2 (human; -tags) 


[1- 


.''C]-18:3n-3 


2.05 


12.36 


pYr5003.1 (ra^-tags) 


[1- 


.''C]-18:3n-3 


2.83 


11.82 


pTh5002.1 (human; H-tags) 


[1- 


.**C]-l8:3n-3 


3.86 


11.34 


pTr5004.1 (rat; +tags) 




.**C]-18:3n.3 


3.75 


9.82 



Values are the mean (dispersion. 10%) of two yeast cultures derived form the same 
transfonned colony. 

The radioactivity recovered in cells and supernatant is based on the total radioactivity 

administered at time zero. 

OJD.500 : 13.47 ± 1.88 (avcrag<? SJJ) 



There were no major differences in the total radioactivity recovered from both, [l-'^C]-luioleic and 
[l-'^C]-a]pha-linolcmc acids, in any of the yeast steains transformed with either human or rat &tty 
acid delta-6'desatuTase genes. 

Fattv Acid Desaturation : Table 18 shows the percent conversion of [l-'*C]-linoleic acid (18:2n-6) to 
[l-*^C]-gamma-linolenic acid (18:3n-6) and [l-'^C]-alpha-linolenic acid to 1 8:4n-3 acid. Yeast 
transformed with pYh5001 1 (human; -tags) showed a lower activity for Imoleic acid and alpba- 
linolenic add, respectively, than Ifae yeast transfonned with pYr5003.1 (rat; -tags) . 
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Table 18 

Percent of substrate conversion in Saccharomyces cerevisiae transformed with pYh5001.2, 
pYr5003.1, pTh5002.1 or pTr5004.1, after the incubation for 24h with 25 |tM linoleic acid 
(Il-"Cl-18:2n.6), alpha-linolcnic acid ([l-"Cl-18-3n-3), 
oleic acid ([l-''C]-18:ln-9) or dihomogamoia-liiiolenic ([l-'^C]-20:3n-6). 



PLASMID 


FATTY ACID 


% 




(1 jiCO 




pYh5001.2 (human; -tags) 


[l-"C]-18:2n.6 


4.00 


pYr50O3.1 (rat; -tags) 


[l-'*C]-18:2n-6 


13.85 


pTh5002.1 (human; -Hags) 


[l-'*C].18:2n-6 


5.14 


pTr5004.1(rat;+tags) 


[l-^*Cr|-18:2n-6 


5.15 


pYh5001.2 (human; -tags) 


tl-^*q-18:3n-3 


15.21 


pYr5003.1 (rat; -tags) 


fl-'*C]-18:3n-3 


37.99 


pTh5002.1 (human; +tags) 


[l-^*C]-18:3n-3 


17.53 


pTr5004.l(rat;+tags) 


[l-"C]-18:3n-3 


19.06 


pYh5001.2 (human; -tags) 


[l-'*C]-18:ln-9 


ND 


pYr5003.1 (rat; -tags) 


[1.'*C].18:1d-9 


ND 


pYh5001.2 (human; -tags) 


[l-*'Q-20:3ii-6 


ND 


pYr5003,l (rat; -tags) 


[l-"q]-20:3n-6 


ND 



Values are the mean (dispersion 10%) of two yeast cultures derived form the same 
transformed colony. 
ND: not detected 

In yeast with the V5/6xHis-tagged rat transgene, the desaturation of bodi substrates was reduced by 50% 
when compared to yeast without the tagged gene, whereas no major differences were observed between 
the yeast transformed with the human desaturase gene with or without the tags. 
The delta-6 desaturation of [l-''^C]-oleic acid (18:ln-9) to 18:2n-9 and the delta-5-desaturation on 
[l-'*Cl-dihomogamma-linolenic acid were not detected vn both yeast strams transfonned with either the 
non-tagged human or rat genes. 

Conclusion : Functional analysis experiments on Saccharomyces cerevisiae transformed with 
pYh5001.2 (without V5/6xHis tags) or pTh5002.1 (with V5/6xHis tags) revealed that the tnmsgenes 
encode a human fatty acid delta-6-desaturase, as functionally distinct from a delta-5-desaturase, 
which is active on linoleic acid (18:2n-6) and alpha-linoleoic acid (18:3n-3). 

EXAMPLE 11 - Functional Analysis of Saccharomyces cerevisiae Spheroplast Transfonned 
with Rat Delta 6 Desaturase Gene (rDivD-l) 
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Chemicals and Radiochemicals ; Tris buffer, fatty acid free bovine serum albumin, teigitol, 
carbohydiates, sorbitol, amino acids, fatty acids, Lyticase and DDT (dithiothreitol) were obtained 
from Sigma-Aldrich Canada (Oakville, ON, Canada). Yeast nitrogen base without amino acids was 
purchased from Difco (Becton Dickinson Co; Sparks, MD, USA). All organic solvents (HPLC grade) 
were obtained from Fisher-Scientific (Fair Lawn, NJ, USA). 

[l-*'C]-a]pha-linolenic acid (18:3n-3; 99% radiochemical purity; specific activity: 52 ^Ci/^mol), 
was purchased from NEN (Boston, MA, USA). A^-'^^^ ^El-^^q-tctracosatetracnoic add (24:4n-6; 

99% radiochemical purity; specific activity: 55 nCi/fimoI) was obtained from ARC (St Louis, MO, 
USA). These fetty acids were saponified with KOH (0. 1 M) and dissolved in SC-U medium 
(minimum medium with 1% raffinosc and without uracil) with 1% tergitoL 

Sphero^last Preparation : Saccharomyces cerevisiae cells transformed with pYi5003.l were grown in 
SC-U medium with 1% raffinose and 1% galactose to induce the expression of the gene diat encodes 
the &tty acyl delta 6 desaturase. After 16 h incubation, cells were centrifiiged at 2060 x g for 5 min at 
4°C, washed once with distilled water and centrifiiged again. The volume and weight of the cell pellet 
were measured. Cells were suspended (1:2, w/v) in 0.1 M Tris.S04 (pH 9.4), 10 mM DTT and 
incubated at 30°C. After 10 min incubation, the cell pellet was obtained by centrifiigation, washed 
once (1:20, w/v) with 1.2 M sorbitol and suspended (1:1, w/v) m 1.2 M sorbitol, 20 mM phosphate 
buffer (pH: 7.4) as described elsewhere (Damn et al, 1982, J. Biol. Chem., 257: 1302S-13033). The 
15,800 X g (1 min) supernatant of Lyticase was added to the cell suspension at a concentration of 
2000 U/mL and die suspension incubated at 30%^ with 50 rpm shaking. Conversion to spheroplasts 
was checked after 40 min incubation by diluting the suspension with distilled water followed by 
observation under the microscope (Schatz G. and Kovac L., 1974, Methods in Enzymoiogy, 3 1 A: 
627-632). After 70 min incubation, approximately 90% of the cells were converted to spheroplasts. 

Incubation : Spheroplasts were harvested by centrifiigation at 2060 x g for 5 min at 4''C and washed 
once with 1.2 M sorbitol. Spheroplasts and whole cells (controls) were suspended in SC-U medium 
with 1% laffmose, 1% tergitol, 1,2 M sorbitol and 2% galactose to maintain the induction conditions 
and to give an O.V^qq reading of approximately 2.2. Both whole yeast and sphcroplast suspensions 
were divided into two groups. One group was maintained in the same medium. The second group was 
centrifiiged and the cell pellet was resuspended m medinm without sorbitol. Ten ml aliquots of all the 
groups (spheroplasts and whole celb, with or without sorbitol) were incubated with 2 (1 \iCi) of 
delta-6.desaturase substrates, [l-"C]-alpha-linolenic or [l-'*C]-24:4n-6 at 30°C in an orbital 
mcubator at 230 ipnL After 30 and 150 min incubation an O.D.ao reading was taken, spheroplasts 
and whole cells were harvested by centrifiigation and washed with Tris buffer (100 mM, pH 8.0) 
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CQOtaining 0.1% BSA. Total lipids were extracted as described below. The radioactivity from 
aliquots of the supernatant, spheroplasts and whole cells was determined by liquid scintillation 
counting using a LS6500-Scindl]atiQn System (Beckman). 

Lipid Extraction : Total lipids were extracted from cells with chloro£orm/methanol (2: 1, v/v) 
according to the method of Fokh et al., 1957, /. BioL Chem,, 226: 497-509. The total lipid extracts 
were methylated using boron trifluoride in methanol at 90*^0 for 30 min. The resultant methyl esters 
(FAME) were analyzed as described below. 

High Performance Liquid Chromatography (HPLQ Analysis : Analyses of radiolabelled FAME were 
carried out on a Hewlett Packard (1090, series II) chromatograph equipped with a diode array 
detector set at 205 nm, a radioisotope detector (model 171, Beckman, Fullerton, CA) with a solid 
scmtillation cartridge (97% efficiency for ^^Odetection) and a reverse-phase ODS (C-18) Beckman 
column (250 mm x 4.6 mm i.d.; 5 {im particle size) attached to a pre-column ^ith a pBondapak C-18 
(Beckman) insert FAME were separated isocratically with acetonitrile/water (95:5, v:v) at a flow 
rate of Iml/min and were identified by comparison with authentic standards. 

The eluted FAME were collected and the solvent evaporated. FAME were re-dissolved in hexane for 
ftirther analysis by gas chromatography. 

Results : There was a significantly higher uptake of [l-"C]-alpha-linolenic by spheroplasts at either 
30 or 150 min of incubation in the presence of L2 M sorbitol when compared to whole cells. Only 
1.5 1% of the total radioactivity provided in the medium without sorbitol was recovered in 
spheroplasts. In the whole yeast, the low uptake of [l-'^C]-alpha*linolenic acid (0.85%) was not 
altered by the presence of sorbitol in the medium (Figure 24). 

In spheroplasts incubated in SC-U medium without sorbitol, the radioactivity recovered fix>m [1-"C]- 
24:4n-6 (2.05%) was similar to that from [l-'^C]-alpha-linolemc (1.51%, Figures 25 and 26), but 
significantly higher than the radioactivity recovered firom [l-'^C]-24:4n<6 in either spheroplasts or 
whole cells incubated with sorbitol (Figure 25). Conversely, the uptake of [l-*'*C]-24:4n-6 by 
spheroplasts grown in a medium without sorbitol was greatly decreased to that detected in 
spheroplasts incubated with [l-'*C]-alpha-hnolenic in the presence of sorbitol (37.02%. Figures 25 
and 26). 

Figure 26 shows that after 1 50 min of incubation, the conversion of [ 1 -'^C]-alpha-1inolenic acid to 
18:4n-3 was 23-fold higher (46.10%) in spheroplasts incubated in a SC-U medmm without sorbitol 
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than that detected in spheroplasts grown in medium containing soibitol (20.74%). The delta-6- 
desaturation of [l-**C]-aIpha-linolenic acid in whole cells was slightly affected by the presence of 
sorbitol in the medium* but the values remained significantly lower (29.32 and 24.61 %) than those 
found in spheroplasts incubated in SC-U medium without sorbitol 

Under the e3q>erimental conditions of this study, the desaturation of [l-'^C)-24:4ii-6 was not detected. 

Conclusion : The treatment Lyticase on Saccharomyces cerevisiae transformed with pYrS003.1 
produced spheroplasts which were more efficient at uptake of [l-^^C|-alpha-linolenic acid (1 8:3n-3) 
and A''^^*^"[l-*^C]-tetracosatetraenoic acid (24:4n-5) than the yeast whole cells. The uptake of both 
fatty acids was affected by the presence of sorbitol in the incubation medium. 

The desaturation of [I-''C]-atpha-linolenic acid (18:3n-3) by spheroplasts of Saccharomyces 
cerevisiae transformed witii pYr5003.1 was time dependent and affected by the addition of sorbitol in 
the medium. 

Delta-6 desaturation of [l-**C]-24:4n-6 was not detected in either spheroplasts or whole cells 
transformed with pYr5003.L This seems to indicate that this rat dclta-6-dcsaturase is specific for the 
two substrates alpha-Hnolenic acid (18:3n-3) and linoleic acid (18:2n-6) but not for the substrate 
24:4n-6. This may imply the existence of another rat delta-6-desaturase specific for 24:4n-6, and 
possibly, 24:5n-3. 

EXAMPLE 12 - Detection of Rat apoo Hxjman Desatvrase Gene Products w 

SACCHAROhfYCBS CEREVISIAE 

Yeast Strain Constmction: The genotype of INVScl is (Mata/McUa his3^J/his3Al Ieu2/leu2 trpl- 
289/trpI'289 ura3»52/ura3'S2).,A£asx having transformed Saccharomyces cerevisiae wi& the 
desaturase gene constructs as previously described, the resulting strains were isogenic to the INVScl 
except for the presence of the desaturase construct, namely, pYr5003.1, pTr5004.1, pYh5001.2 or 
pTh5002.I. 

Growth and Induction of Expression : Cloning in pYES2 results in the gene being expressed mostly 
in its native protein form. This is contrary to pYES2/CT where the gene of interest is expressed as a 
tagged protein with the V5/6xHis epitope tags. The reason for working with the two vectors is to 
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study fanction in the native foxm of the protein, and to monitor its expression by western blot using 
conunetcially available antibody against the V5 epitope (INVITR0GEN). 

Yeast cells were grown under selective pressure using synthetic complete medium lacking uracil 
(SC-uracil + 2% rafBnose) at 30°C in incubator shaker using standard procedure (INVITROGEN). A 
4ml overnight pre-culture of each of the transfom:ied yeast strains was prepared, and aliquots taken to 
inoculate a larger volume used for each experiment On reaching ODa)o'° 0.4 ± 1.0, cells were 
divided and harvested at 3000 ipm for 5 minutes. One part was stored fix>zen and used as the zero 
induction time, and the second part was resuspended in SC-uracil + 2% galactose and incubated at 
BOX in a shaker. The galactose will activate the GALl promoter to induce expression of the cloned 
gene. A time course for galactose induction of the cloned gene was assessed after 2, 4, 6 and 8 hrs by 
removing aliquots from die growing cells, harvesting and storing them. 

Protein extraction was then performed on the samples using cell breaking buffer (50mM sodium 
phosphate pH 7.4, ImM EDTA, 5% glycerol, ImM PMSF) as described by INVITROOEN, with 
slight modifications. The cells were induced to form spheroplasts by treating them witii the cell wall 
digesting enzyme, lyticase (Sigma) at a final concentration of 2 units/ml in breaking buffer. 
Spheroplast formation was monitored microscopically. Cells were washed free of lyticase, harvested, 
weighed and resuspended in a corresponding volume of breaking buffer plus PMSF. About half 
volume of acid washed glass beads approximately 500 mm in diameter was added and cells were 
broken by vortexing 3X at 4X1 (30 sec vortex and 30 sec on ice). The crude protein extract was 
recovered at 3000 rpm for 3 minutes at 4^C. The crude extract was used for sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) analysis and western blottmg. 

SDS-PAGE and Western Blotting : Equal amounts of the crude protein extract was mixed with 
sample loading buffer (50 mM Tris pH 8, 2% SDS» 10 mM DTT, 0.1% bromophenol blue, 10% 
glycerol) and boiled at lOOX. for 5 minutes. The samples were loaded on 10% pre-cast SDS- 
polyacrylamide gels using standard procedures. Necessary molecular weight standards (Cruz Marker 
from Life Technologies) and controls were included. Protein samples were separated using 
electrophoresis buffer at a constant 100 V. After electrophoresis, the gel is either stained with 
Coomassie Blue to assess the presence of protein and as a loading control, or the protein is 
electrophoretically transferred onto a PVDF membrane (BIO-RAD). After the transfer, the membrane 
is blocked with a blocking solution and incubated with a 1:10,000 dilation of anti-V5-HRP antibody 
as described by the supplier (INVrTROGEN). The membrane is washed and the antibody reaction 
detected with the Enhanced Chemi-Luminiscence reagent £CL (Amersham-Fharmacia Biotech). The 
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membrane is exposed to H3Pperfilm-£CL film (Amersbam) in a cassette for 1-20 minutes. The film 
was develqped and the signals scanned and quantified using the Gel Doc 2000 instrument (BioRad). 



B^sults: 

Table 19 

Time coarse of protein eq»ression of rat and human delta-6-de5atura5es. 



Plasmid 


0 hours 


2 hours 


4 hours 


6 hours 


8 hours 


pTr5004.1 


ND 


ND 


4.5% 


15% 


100% 


pTh5002.1 


ND 


3% 


3% 


49% 


100% 



ND: no protein detected with antibody 

The band intensity at 8 hours was set to 100% for the purposes of this example. 



Table 19 shows the relative time course over 8 hours for induction of the rD5D-l and hD6D-l tagged 
proteins in transformed yeast cells under galactose induction. The tagged enzymes are initially 
detected between 2 to 4 hours after induction and continue to accumulate throughout the course of 
the experiment 

Example 13 - scR££3>aNG delta-6-desaturasc modulators using microsomes from 

SaCCBAROMTCES CEREViSiAE CONTAINING HUMAN OR MAMMALIAN DESATURASES 

Yeast microsome preparation: Two to 5 1 of Saccharomyces cerevisiae transformed with pYhSOO 1 .2 or 
pTh5002. 1 are started with a cell density of approximately 3.2 xlO' cells/ml (OD.eoo 0.4) using SCU 
medium. After 8 h of incubation at 30°C in an orbital incubator at 270 rpm, galactose is added to a final 
concentration of 2% . Yeast are further incubated for 12 h, harvested by centrifugation at 2060 x g for 1 0 
minutes at 4**C and washed with water. The cell pellet is resuspendcd in 1/3 of its volume in isolation 
buffer containing 80 mM Hepes-KOH (pH 7.2) and 10 mM KQ and 320 mM of sucrose, 2 mM 
phenyhnethylsulfonyl fluoride and an EDTA-free tablet of protease inhibitor cocktail (one tablet per 10 g 
cell pellet; Complete, Roche, Germany). The cell suspension is poured into a mortar containing liquid 
and ground with sand using a ceramic pestle; The yeast powder is transferred to a conical test tube, to 
which isolation buffer is added (2/3 of the pellet volume). The sand is removed by centrifugation at 57 x 
g for 1 min and the suspension is further centrifuged at 10,000 x g for 20 min to separate cell debris, 
nuclei, and mitochondria. The supernatant is then centrifuged at 106,000 x g for 1 h to obtain the 
microsome pellet which is resuspended in 700 of isolation bu£rer. The protein concentration of the 
microsome suspension is measured by any technique known in die art. 

Incubation of d elta-»6-desaturase modulators with veast microsomes: Tlie activity of delta-6-desaturase is 
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determined by measuring the conversion of [l-^^C]2tf:3n-6 (dihoUEittg^unnialinolemc alh^to' [^^%]2dt4^-6 
(arachidonic acid). Reactions are started by adding 500 pg of yeast microsomal protein, to pre-incubated 
tubes containing 0.20 pCi of the substrate fatty acid at a final concentration of 33 pM in 0.25 ml of the 
mcubation solution, containing 80 mM Hepes-KOH (pH 12) and 43^ mM MgClz, ATP ( 1 .0 mM), NADH 
(500 pM) and coenzyme A ( 1 0 pM) and a range of concentrations of the enzyme modulators. The tubes are 
vortexed vigorously and after 1 5 min incubation in a shaking water bath (37°C), the reactions are stopped by 
the addition of 2 ml of 10% (w/v) KOH in ethanol. Lipids in the incubation mixture are saponified at 80**C 
for 45 min under N2. The san:Q>les are left in ice for 5 min and then acidified with HQ. The fetty acids are 
extracted with hexane and esterified with BFj/methanol at 9^^C for 30 min. The fatty acid metihyl esters, 
substrate and product of the enz>inatic reaction, are analyzed by HPLC as described above. Results are 
expressed in pmol of arachidonic acid produced per mg microsomal protein per minute. Alternatively, 
&tty acid methyl esters are analyzed by capillary column gas chromatography (GC). 

EXAMPLE 14 - SCREENING DELTA-6-DESATCJRASE MODULATORS USING PURIFIED ENZYMES 
OBTAINED VKG^SaCCHAROMYCES CEREVISTAE EXPRESSING HUMAN OR MAMMAUAN 
DESATURASES 

Isolation of the delta-6-dcsatprase from veast microsomes: Yeast microsomes containing delta-6- 
desaturase tagged with 6xHis are stirred with Zwittergent 3-14 or mixtures of deoxycholate/Triton X-100 
(2%, w/w) for 2 h at 4''C to solubilize the delta-6-desatuiase. Alternatively, yeast microsomes can be 
treated with 2.5% (v/v) water in acetone to improve the solubilizing power of the detergents. Ibe mixture 
is centrifiiged at 106,000 x g f or 1 h. The supernatant containing the enzyme is loaded onto a pre- 
equilibrated HiTn^ chelating Q^i^ charged iminodiacetate) column (Pharmacia) attached to a fast 
protein liquid chromatography system (Pharmacia). Hie column is washed with 50 mM sodium 
phosphate (pH 8.0). The tagged protein is eluted with sodium phosphate buffer containing imidazole (0 - 
500 mM) and concentrated by ultrafiltration using Centriprep (Amicon, MA) concentrators. 

][nc^tatiipn ftf feltq^fr^^atp^fimo^ulfttpi^yiftpurifi^ffii^ The concentrated enzyme is incubated 
at 30 - 3TC in Tris-HCl buffer (pH 7.2) containing 1 mM NADH, 80 }iM of cytochrome b5,4 }iM of 
NADH-cytochrome bs reductase, 6 mM egg phosphatidylcholine, 2% Triton X-100, 0.4% sodium 
deoxycholate, radiolabelled dihomogammalinolenyl-CoA as the enzyme substrate 'and a range of 
concentrations of each enzyme modulator. After 15-90 min of incubation, the reaction is stopped and 
fatty acids, substrate and product of the enzymatic reaction, are analyzed as described in herein. 

Altematively, the enzyme activity and the effect of modulators of the enzyme activity can be measured 
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by tiie rate of NADH oxidation in the presence and absence of dibamogammalinolenyl-Co A. 

EXAMPLE 15 - VALIDATION OF ASSAYS DESCRIBED IN EXAMPLES ABOVE USING RAT LiVER 
MICROSOMES 

Preparation rat liver microsomes; Wistar rats under ligjit halotfaane (15% in mineral oil) anesthesia were 
sacrificed by exsanguination during periods of high enzyme activity. Livers are immediately rinsed with 
cold 0.9% NaQ solution, weighed and minced with scissors. All procedures are performed at 4°C unless 
specified otherwise. Livers are homogenized in a solution (1:3 w/v) containing 0.25 M sucrose, 62 mM 
potassium phosphate buffer (pH 7.0), 0. 15 M KCl, 1 .5 mM 7V-acetylcysteine, 5 mM MgClj, and 0.1 mM 
EDTA using 4 strokes of a Potter-Elvchjem tissue homogeoizer. Tlic homogcaate is ccntrifiigcd at 
10,400 X g for 20 min to eliminate mitochondria and cellular debris. The supernatant is filtered through a 
3-layer cheesecloth and centrifuged at 105,000 x g for 60 min. The microsomal pellet is gently 
lesuspended in the same homogenization solution with a small glass/teflon homogenizer and stored at 
-70^C. The absence of mitochondrial contamination is enzymatically assessed. The protein concentration 
is measured using bovine serum albumin as the standard. 

Incubation of rat liver microsomes with delta-6-desaturase modulators: Reactions are started by adding 2 
mg of microsomal protein to pre-incubated tubes containing 0.20 MCi of the substrate £itty acid(DGLA) at a 
final concentration of 333 \JM in 1 .5 ml of homogenization solution, containingNaF (42 mM), niacinamide 
(0.33 mM), ATP (1 .57 mM), NADH (1 .0 mM), coenzyme A (0.09 mM) and a range of concentxations of the 
enzyme modulators. N-prppyl gallate was added to the incubation medium to a final concentration of 0.02 
- 0.32 mM. The tubes are vortexed vigorously and Bfla 1 5 min incubation in a shaking water bath (37''C), 
the reactions are stopped and fatty acids are analyzed as described in herein. Alternatively, fatty acid 
methyl esters are analyzed by capillary column gas chromatography (GC). 

Table 20 shows the in vitro inhibition of delta-6-desaturase witii different concentrations of /i-propyl 
gallate in rat liver microsomes. A plateau was reached at concentration of the inhibitor that ranged 
between 0.08 - 0.32 mM. 
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Table 20 



Inhibitioa of delta-6-de6aturasc activity in rat liver miciDsomes incabated with 



Inhibitor cone, (m^f) 



% of inhibition 



0.00 
0.02 
0.04 
0.08 
0.16 
0.32 



0.0 
62.9 
74.9 
86.4 
88.7 
100.0 



Values axe the mean of ftuee determinations. Enzyme activity without inhibitor 394 pmol/mg 
microsomal protein^in. 

Example 16 - Scrisining of Delta-6 and Delta-5-desaturase Modulators using 
Saccharomyces cerevisiae Whole Cells, Spheroplasts or Microsomes containing 
nuMAN or Mammalian Delta-6 and Dklta-5-desaturases 

This method is suitable for simultaneous drug screenings of both &tty acid desaturases under the 
same experimental conditions. The specificity of each drug for each enzyme is rapidly determined by 
this method. 

Co-expression of human or mammalian delta-6- and delta-S-desaturases in veast: Delta-6 and delta-5- 
desatnrase genes are cloned in 2 separate yeast vectors (constitntive or mducible), having different 
nutritional selection markers, for examples, URA3 and LEW genes which confer uracil and leucine 
prototrophy for selection in yeast A yeast strain having an auxotn^c requirement fior uracil and leucine 
is transformed with the two plasmids. Yeast cells containing the plasmids are selected on synthetic 
minimal medium lacking both uracil and leucine. The activity of the two desaturases is then assayed and 
used for screening of modulators. 

Alternatively, bi-diiectional yeast vectors, for example the pBEVY plasmids (Miller etaL, \99%^ Nucl 
Acid Res. 26:3577-3S83)» are used to co-express the desaturase genes. The pBEVYplasmids provide for 
either constitutive or galactose-induced expression of exogenous genes. 

The £atty acid desaturase genes are cloned downstream of the constitutive glyeraldehyde-3-phosphate 
dehydrogenase {GFD) and the alcohol dehydrogenase 1 {ADHl) promoters, respectively, using methods 
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known to those skilled in the ait. Alternatively, tiie genes aie cloned on both sides of the bi-directional 
galactose inducible pxomoter GALI/GALIO, A suitable yeast strain (anxotropliic for a nutritional 
requirement, e.g. uracil) is transformed with desaturase constructs (for example, which confer uracil 
prototrophy). Such yeast transformants are selected in SC-U medium. The selected transformants are 
grown in appropriate media to allow constitutive or inducible expression of the two proteins. 

The present method utilizes bi-directional vectors e^qiressing mammalian &tty add delta-6- and delta-5- 
desaturases to screen simultaneously for unique modulators of both or either activities that may have 
therapeutic, diagnostic or nutritiona] function. 

Whole yeasts or spheroplasts : The enzymatic assay with modulators of both enzymes is similar to that 
described above (Example 15). In this model, the radiolabelled substrates for delta-6 and deIta-5- 
' desatuases, alpha-linolenic (18:3n-3) and DGLA (20:3n-6) acids, req>ectively, are both added in the 
incubation medium. After 2 - 19 h of incubation the remnant radiolabelled substrates and products 
(stearidonic acid, 18:4n-3, and arachidonic acid, 20:4n-6, respectively) of the enzymatic reaction are 
analyzed by HPLC as described herein. Alternatively, fiitty acid methyl esters are analyzed by capillaty 
cohnnn gas chromatography (GC). 

Microsomes: Microsomes from yeast containing both human delta-6- and delta-5-desaturases or both 
mammalian (e.g. rat) delta-6- and delta-S-desaturases are obtained as previously described (Example 1 3). 
The incubation is similar to that used with microsomes containing only one human or mammalian 
desaturase with the exception that radiolabelled alpha-linolenic acid (18:3n-3) and DGLA (ZOiSn-S), 
substrates for delta-6 and delta-S-desaturases, respectively, are both added to the incubation mediiun 
along with a range of difEerent concentrations of desaturase raodnlators. The products of the enzymatic 
reaction are analyzed by HPLC as described herein. Alternatively, fatty acid methyl esters are analyzed 
by capillary column gas chromatography (GC). 

EXAMPLE 17- Inhibition ofDelta-6-De$alurase Activity in5^ccAfir0m>ce5 cer^if to Wliole Cells 
and Spheroplasts Transformed with Rat or Human Desaturase Genes 

Introduction: Several compounds are known to inhibit &tty acid delta-5- and delta-6-desaturases, in rat 
liver microsomes, microalgae or fungi. Early reports have shown the inhibitory effects of the positional 
isomers oftrans-\%:\ acids on desaturase activity (Mahfouz et al., 1980, Lipids, 15: 100-107). More 
recently Kawashimaetal., 1996, BioscL Biotech, Biockem.,^: 1672-1676 have described difGsrent types 
of inhibitors: (1) lignan compounds of sesame seeds or oils (sesamin, episesamin, sesaminol and 
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sesamoLin as specific inhibitors for delta-5-desaturase), (2) alkyi gaUate, (3) difeniloyl methane 
(curcmnin) and (4) nicardipine and nifedipine (Ca** channel blockers and anti-hypertension drugs). Other 
con:^)Ounds such as saiicylhydroxamic acid(Kho2m-Goldberg et al., 1999, Biochim. Biophys, Ada, 1439: 
384-394) or aniline derivatives (Obukowicz et al., 19S^, Biochein. P/iorwflco/., 55: 1045-1 051), have been 
also used to inhibit fatty acid desaturases in microorganisms or rat microsomes. 

This example demonstrates the use of a novel model (i.e. transformed yeast with rat or human fatty acid 
delta-S-desaturase genes) for inhibitor (or enhancer) screening of manmialian desaturases. Rat liver 
microsomes were used to corroborate the assays. 

Ihe propyl ester of 3,4,5-trihydoxybenzoic acid (//-propyl gallate), commonly used as antioxidant in the 
food industry (eg. for fats and oils) was selected for this example due to its substantial inhibitory effects 
on bodi delta-5- and delta-6-desatnrases and its high solubility in water or ethanoL It has been reported 
that R-propyl gallate is a noncompetitive inhibitor of fatty acid desaturases (Kawashima et al., 1996, 
BioscL Biotech. Biochem,, 60: 1672-1676). 

Chemicals and radiochcroicals : Propyl ester of 3,4,5-trihydroxybenzoic acid (n-propyl gallate), tergitol, 
tris buffer, fatty acid free bovine serum albumin, carbohydrates, sorbitol, amino acids, fatty adds, 
Lyticase and DDT (dithiotfareitol) were obtained from Sigma-Aldrich Canada (Oakville, ON, Canada). 
Yeast nitrogen base without amino acids was purchased fixnn Difco (Bedon DiddnscHi Co; Sparks, MD, 
USA). All organic solvents (HPLC grade) were obtained from Fisher-Scientific (Fair Lawn, NJ, USA). 

[l-"C]-alpha-linolenic acid (18:3n-3; 99% radiochemical purity; specific activity: 52 jiCi/pmol) and [1- 
'*C]-linoleic acid (1 8:2n-6; 99% radiochemical purity; specific activity: 51 p^Ci/^mol) were purchased 
from NEN (Boston, MA, USA). These fatty acids were saponified with KOH (0. 1 M) and dissolved in 
modified SC-U medium (minimum medium contahiing 1% rafBnose but lacking uracil) with 1% tergitol. 

Itat Liver Microsome Preparation : Hepatic microsomes were obtained from female Wistar rats by 
differential centrifugation as described in Example 3. 

Snheroplast preparation: S accharomyces cerevisiae transformed with pYr5003. 1 without V5/6xHis tags 
or pTh5002.1 with V5/6xHis tags were grown in modified SC-U medium with 2% galactose to induce 
the expression of the gene tfut encodes the fatty acid delta-6-desaturase. After 1 6 h incubation, cells were 
centrifiiged at 2060 x g for 5 min at 4^C, washed once with distilled water and centriiuged again. The 
volume and weight of the cell pellet were measured. Cells were suspended (1 :2 w/v) in 0.1 M Tris.S04 
(pH 9.4), 10 mM DTT and incubated at 30°C. After 10 min incubation, the cell pellet was obtained by 
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centriftigation, washed once (1 :20 w/v) with 1 1 M sorbitol and suspended (1 : 1 w/v) in L2 M sorbitol, 20 
mM phosphate buffer (pH 7.4) as described elsewhere (Daum et al, 1982, /. Biol Chem,, 257: 13028- 
13033). The 15,800 k g (1 min) supernatant of Lyticase was added to the cell suspension at a 
concentration of 2000 U/ml and the suspension incubated at 30°C with 50 ipm shaking. Conversion to 
spheroplasts was checked after 40 min incubation by diluting the suspension with distilled water 
followed by observation under the microscope (SchatzG. andKovacL., \91A^ Methods in Emymology, 
3 1 A: 627-632). After 70 min incubation, appfonmatcly 90% of the cells were converted to spheroplasts. 

Spheroplasts Incubation : Spheroplasts were harvested by centrifugation at 2060 x g for 5 min at 4°C 
and washed once with 1.2 M sorbitol. Spheroplasts were suspended in modified SC-U medium with 
1% tergitol, 1.2 M sorbitol and 2% galactose to maintain the induction conditions and to give an 
ODeoo reading of approximately 2.5-3.0. A 10 ml aliquot of the spheroplast suspension was 
tcansfezred to a 125 ml Erlenmeyer flask and incubated wifli 200 (iL of ^-propyl gallate in edianol 
(final concentration in the culture ranged between 0.7 and 14.1 mM) at Z^C in an orbital incubator 

- set at 270 ipm After 30 min incubation 1 (iCi of [l-'^C]-a]pha-linolenic or [l-**C|-linoleic acids were 
added to the cultures to a final concentration of 2 ^ and furdicr incubated for 120 min. At this time 
point, turbidity readings at OD^q were taken, spheroplasts were harvested by centrifugation and 
washed with Tris buCfer (100 mM, pH 8.0) containing 0. 1% BSA. Total lipids were extracted as 

' described below. 

Whole veast incubations : Transformed Saccharomyces cerevisiae pTh5002. 1 witii V5/6xHis tags were 
incubated in a 125 ml Erlenmeyer flask containing 9 ml of modified SC-U medium with 1% tergitol 
(O.D.«oo 0.4, approximately 32 x 10^ cells) and 200 ^1 of 1, 14 or 28 mM n-propyl gallate in etfaanoL 
After 1 h mcubation m an orbital incu^tor at 270 rpm and 30''C» 1 |xCi of potassium salts of [l-^*C\- 
linolcic or [l-'*C]-alpha-linolenic acids (dissolved in modified SC-U medium and 1% tergitol) were 
added to the cell suspension to a final concentration of 2 iiM. After 5 h incubation with the inhibitor, 
cells reached the log phase and the transgene expression was induced widi the addition of 1 ml of 
galactose to a final concentration of 2%. Yeast were further incubated for 19 h (OD500 range 7.2-9.3) until 
they were harvested by centrifugation at 5000 x g for 10 minutes at 4'*C. Cell were washed with Tris 
buffer (100 mM, pH 8.0) containing 0.1% BSA and total lipids were extracted as described below. 

Rat Liver Microsome Incubation : Incubations were performed as described in Example 3. N-propyl 
gallate was added to the incubation medium to a final concentration that ranged firom 0.02 to 0.32 mM. 

Lipid extraction : The radioactivity fi^m aliquots of the supernatant, spheroplasts and whole cells was 
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determined by liquid scintillation countmg using a LS6500*Scintillation System (Beckman) prior to the 
lipid extraction. Total lipids were extracted from cells or spheroplasts with chloroform/methanol (2:1 
v/v) according to the method of Folchetal., \951,J.Biol. Chem.,226: 497-509. The total lipid extracts 
were methylated using boron trifluoride in methanol at 90®C for 30 min. The resultant methyl esters 
(FAME) were analyzed as previously described m Example 3. 

Calculations : The desaturase activity was determined by measuring the conversion of radiolabelled 
linoleic acid to gamma-linolenic acid (18:2n-6 to 18:3n-6) and alpha-linolenic acid to stearidonic acid 
(18:3n-3 to 18:4n-3). The percent inhibition was calculated as described elsewhere (Kawashima et al., 
1996, Biosci Biotech. Biochem., 60: 1672-1676): 

Inhibition % = (activity without the inhibitor - activify with the inhibitor)/activity without the 

inhibitor 

Results: A^-propyl gallate inhibited the conversion of substrates of fatty acid delta-6-desaturase in 
spheroplasts from Saccharomyces cerevisiae transformed with human or rat genes that encode the 
enzyme (Table 21 and 22). The constant O J).^ readings (i.e. constant number of cells) and the similar 
levels of radioactivity recovered in cells at concentrations of n-propyl gallate between 0.7 - 5.6 mM 
indicate that ifae inhibitor was not affecting the uptake of substrate and that it was not cytotoxic. 
However, at concentrations > 5.6 mM, the cell number was slightly decreased and flie radioactivity 
recovered in those cells from the fatty acid substrates was substantially reduced demonstrating that tiiose 
concentrations may be toxic for the spheroplasts. 

Table 21 

Inhibition of I1D6D-I (with V5/6xEGs tags) in spheroplasts of transformed Saccharomyces 



cerevisiae incnbated with [l-"C]-alpha-iinolenlc acid and 


it-propyl gaUate. 


Inhibitor 
Concentration 
(mM) 


% of inhibition 




%of[l-"Cl-ALA 
Recovered in Cells 


0.0 


0 


3.3 


42.6 


0.7 


11.6 


2.2 


46.5 


1.4 


18.8 


3.4 


36.3 


2.8 


56.4 


3.1 


39.0 


5.6 


82.3 


3.5 


34.9 


14.1 


100 


2.5 


17.6 
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Values are the mean of three determinations. The desaturase activity ^vas assessed by measuriag the 
conversion of alpha-linoienic acid to stearidonic acid (18:3n-3 to 18:4n-3). 

Table 22 

Inhibition of rD6D-l (without V5/6xHis tags) in spheroplasts of transformed Saccharomyees 
cerevisiae incnbated with [l-'^Cl-linoieic acid and /i-propyl gaUate. 



Inhibitor % of [l-^CJ-LA 

Concentration % of inhibition O.D^ Recovered in Cells 

(mM) 



0.0 


0 


2.5 


16.9 


0.7 


8.9 


2.5 


13.6 


1.4 


39.2 


2.6 


16.7 


2.8 


77.4 


2.5 


16.1 


5.6 


100 


2.6 


14.8 


14.1 


100 


2.3 


5,1 



Values are the mean of three deteiminations. The desaturase activity was assessed by measuring the 
conversion of linoleic acid to gamma-linolenic acid (18 ;2n-6 to 1 8 :3n-6). 

The induction of desaturase gene expression for 1 6 h prior to die addition of the inhibitor guarantieed that 
the observed reduction in substrate conversion was not due to an inhibition of transcription or translation 
for the genes. 

The inhibitory effect of u-propyl gallatc was also detected in whole yeast in which the desaturase gene 
was induced after the addition of tiie inhibitor (Table 23). 
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Table 23 

Inhibition of hD6D-l (with V5/6xHis tags) in whole ceils of transformed Saccharomyces 
cerevisiae incubated with [l-"C]-alpha-linoleiiic acid and ii-propyi gallate. 

Inhibitor % of |l-"q-ALA 

Concentration % of inhibition OJD^ Recovered in Cells 

(mM) 

6 0 sis r?7 

7 36.7 9.3 2.3 
14 73,6 7.2 2.4 
28-0 

Values are the mean of three determinations. The desaturase activity was assessed by measuiing the 
conversion of alplia-linolenic acid to siearidonic acid (18:3n-3 to 18:4n-3). 



Table 24 shows the inhibition of delta-6-dBsatiirase in rat liver microsomes. The conversion ofboth &tty 
acid substrates, linoleic and alpha-linolenic acids» was inhibited in vitro by different concentrations of n- 
propyl gallate. Apiatean was reached between 0.16 and 0.32 mM. 



Table 24 

Inhibition of delta 6 desaturase activity in rat liver microsomes incubated with (l-"C]-alpha- 
llnolenic or |1- ^Cl-linoieic acids and n-propyl gallate. 



Inhibitor 

Concentration % of inhibition 

(mM) 



0.00 
0.02 
0.04 
0.08 
0.16 
0.32 



18:2n-6-^ 18:3ii-6 
0 
18.0 
32.0 
64.5 
82.6 
98.7 



18:3n-3 18:4n-3 

6 

28.7 
42.5 

54.2 
71.3 
79.5 
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Values are the meao of three detemiiiiatioiis. The desaturase activity was assessed by measuring the 
conversion of linoleic acid to gamma-linolenic acid (18:2n-6 to 18:3a-6) and alpha-linolenic acid to 
stearidoaic acid (18:3n-3 to 18:4n-3). 



Conclusions : Spheroplasts transformed with fatty acid desaturase genes should be considered as tiie 
model of choice for desaturase assays since lower concentrations of inhibitors (than those used with fbe 
whole yeast) are required to obtain detectable (Changes in the enzyme activity. Therefore, in this model, 
the solubility restrictions of the inhibitors are reduced. In addition, in spheroplasts, due to the lack of an 
intact cell wall, the uptake of the desaturase substrates is higher than in whole yeast which helps to 
increase the threshold of detection (Tables 21 and 23). These assays should be performed using 
concentrations of the inhibitors below the cytotoxic levels. 

The strength of this novel model for drug screening using mammalian desaturase genes in yeast is 
supported by the results obtained using the traditional method of rat liver microsomes. 

In summary, spheroplasts from Saccharomyces cerevisiae transformed with mammalian fatty acid 
desaturase genes are useful for screening inhibitors and enhancers of delta-6-desaturase. The cell wall 
mutant yeast allow a greater flux of fatty acids to enter the yeast cell which is beneficial in determining 
D6D, DSD or elongase activity in a dual en^nne assay, for example. 
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CLAIMS 
We claim: 

1. An isolated polynucleotide segment, comprising a polynucleotide sequence which is 
selected from the group consisting of: 

(a) a sequence comprising SEQ ID NO: 1; 
fb) a sequence comprising SEQ ID NO: 2; 

(c) a sequence which is at least 80% homologous with a sequence of any of (a) to (b); 

(d) a sequence which is at least 90% homologous with a sequence of any of (a) to (b); 

(e) a sequence which is at least 95% homologous with a sequence of any of (a) to (b); 

(f) a sequence which is at least 98% homologous with a sequence of any of (a) to (b); 

(g) a sequence which is at least 99% homologous with a sequence of any of (a) to (b); 
and; 

(h) a sequence which hybridizes to any of (a) to (g) under stringent conditions. 

2. An isolated polynucleotide segment of claim 1 , wherein the isolated polynucleotide 
segment is genomic DNA. 

3. A vector comprising a polynucleotide segment of claim 1 in a suitable vector. 

4. A host cell comprising a polynucleotide segment of claim 1 in a host cell viiiich is 
heterogeneous to said segment 

5. A method for producing a polypeptide encoded by a gene operably linked to a 
polynucleotide segment of claim 1 comphsiag fte step of cultoring the host cell of daim 4 under 
conditions sufficient for the production of said polypeptide. 

6. An isolated polynucleotide fragment selected from the group consisting of: 

(a) a sequence having at least 15 sequential bases of nucleotides of a segment of claim 1; 

(b) a sequence having at least 30 sequential bases of nucleotides of a segment of claim I; and 

(c) a sequence having at least 50 sequential bases of nucleotides of a segment of claim 1. 

7. A vector comprising a polynucleotide segment of claim 6 contained in a vector which is 
heterogeneous to said segment 
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8. An isolated polynucleotide segment, conqsrising a polynucleotide sequence which retains 
substantially the same biological function or activity as the polynucleotide encoded by a segment 
of claim 1. 

9. A method for identifying a compound which inhibits or promotes the activity of a 
polynucleotide segment of claim 1, comprising the steps at 

(a) selecting a control animal having said segment and a test animal having said segment; 

(b) treating said test animal using a compound; and, 

(c) detennining the relative quantity of an expression product of an operably linked 
polynucleotide to said segment, as between said control animal and said test animal. 

10. A method of claim 9, wherein said animals are manmials. 

11. A method of claim 10, wherein said mammals are rats, 

12.. A method for identifying a compound which inhibits or promotes the activity of a 
polynucleotide segment of claim 1 , comprising the steps of: 

(a) selecting a host cell of claim 4; 

(b) cloning said host cell and separating said clones into a test groi^ and a control group; 

(c) treating said test group using a compound; and 

(d) determining tiie relative quantity of an expression product of a polynucleotide operably linked 
to said polynucleotide segment, as between said test group and said control group. 

13. A mediod for identifying a compound which inhibits or promotes the activity of a 
polynucleotide segment of claim 1, comprising the steps ot 

(a) selecting a test group having a host cell of claim 4, a part thereof or an isolated polynucleotide 
thereof and a control group; 

(b) treating said test group using a compound; and 

(c) determining the relative quantity of an expression product of an operably linked 
polynucleotide to said segment, as between said test group and said control group. 

14. A composition for treating a lipid metabolism disorder coiiq)n5ing a compound which 
modulates a segment according to claim 1 and apharmaceutically acceptable carrier. 

15. A composition as claimed in claim 14, wherein said disorder is selected from the group 
consisting of atopic eczema, mastalgia, rheumatoid arthritis, Sjdgren's syndrome, gastrointestinal 
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disorders, viral infections and postviral fatigue, pre-menstnial syndrome, endometriosis, cystic 
fibrosis, sduzophrenia, alcoholisni, congenita] liv^ disease, Alzheimer's syndrome, Crohn's 
disease, cardiovascular disease, cancer, diabetes and diabetic complication£. 

1 6. A composition as claimed in claim 15, wherein said diabetic complication is selected 
from the group consisting of diabetic neuropathy, nephropathy and retinopathy. 

17. A composition as claimed in claim 16, wherein said compoond is selected from the group - 
consisting of small organic molecules, peptides, polypeptides, antisense molecules, 
oligonucleotides, polynucleotides, fatty acids and derivatives thereof. 

1 8. The use of a composition as claimed in claim 14 for treating a lipid metabolic disorders. 

19. The use of claim 18, wherein said disorder is selected from the group consisting of atopic 
eczema, mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral 
infections and postviral fatigue, pre-menstnial syndrome, endometriosis, cystic fibrosis, 
schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crew's disease, 
cardiovascular disease, cancer, diabetes and diabetic complications. 

20. The use of claim 19, wherein said diabetic complication is selected from the group 
consisting of diabetic neuropathy, nephropathy and retinopalhy. 

21 . A method for diagnosing the presence of or a predisposition for a lipid metabolic disorder in 
a subject by detecting a germlinc alteration in a segment of claim 1 in said subject, comprising 
comparing the germline sequence of a segment of claim 1 from a tissue sample from said subject 
with the germline sequence of a wild-type of said segment, wherein an alteration in the germline 
sequence of said subject indicates the presence of or a predisposition to said lipid metabolic disorder. 

22. A method for diagnosing the presence of or a predisposition for a disorder as claimed in 
claim 21, wherein said disorder is selected from the group consisting of atopic eczema, 
mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral infections 
and postvital Mgue, pre-menstnial syndrome, endometriosis, cystic fibrosis, schizophrenia, 
alcoholism, congenital liver disease, Alzheuner's syndrome, Crohn's disease, cardiovascular 
disease, cancer, diabetes and diabetic complications. 

23. A method for diagnosing the presence of or a predisposition for a disorder as claimed in 
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claim 22, wherein said diabetic complicatioii is selected from the group consisting of diabetic 
neuropathy, nephropathy and retinopathy. 

24. The method of claims 21 to 23, wherein said comparing is performed by a method 
selected from the group consisting of immunoblotting, inununoc>1:ochemistry, enzyme-hnked 
immunosorbent assay, DNA fingexprinting, in situ hybridization, polymerase chain reaction, 
reverse transciiptioa polymerase chain reaction, radioimmunoassay, immunoradiometric assay 
and immimoenzymatic assay. 

25. A method for identifying a compound which inhibits or promotes the activity of a 
polynucleotide, wherein the polynucleotide encodes a mammalian delta-6-desaturase, comprising 
the steps o£ 

(a) selecting a control animal having said polynucleotide and a test animal having said 
polynucleotide; 

(b) treating said test animal using a compound; and, 

(c) determining the relative quantity of an expression product of said polynucleotide, as between 
said control animal and said test animal 

26. A metiiod of claim 25, wherein said animals arc mammals. 

27. A method of claim 26, wherein said marmnals are rats. 

28. A method for identifying a compound which inhibits or promotes the activity of a 
mammalian delta-6-desaturase, comprising the steps of: 

(a) selecting a host cell of claim 4; 

(b) cloning said host cell and separating said clones into a test groi^ and a control group; 

(c) treating said test group using a compound; and 

(d) determining the relative quantify of an e^^ession product of an expression polynucleotide 
operably linked to said polynucleotide segment, as between said test group and said control 
group. 

29. A method for identifying a compound which inhibits or promotes the activity of a 
manunalian delta-6-desaturase, comprising the steps of. 

(a) selecting a test group having a host cell of claim 4, a part thereof or an isolated polynucleotide 
thereof and a control group; 

(b) treating said test group using a compound; and 
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(c) determining the lelative quantity or relative activity of a product of said polynucleotide 
segment or of the said polynucleotide segment, as between said test group and said control group. 

30. A method for identifying a compound which inhibits or promotes die activity of a 
mammalian dclta-6-desaturase, comprising the steps of: 

(a) selecting a control animal having a polypeptide segment of claim 1 and a test animal having 
said polypeptide segment; 

(b) treating said test animal using a compound; 

(c) determining the relative quantity or relative activity of an e3q)ression product of said 
polypeptide segment or of the said polypeptide segment, as between said control animal and said 
test animal. 

31. A mettiod of claim 30, wherein said animals are mammals. 

32. A mediod of claim 31, wherein said mammals are rats. 

33. A method for identifying a compound according to any one of the claims 25 to 32, 
wherein said relative activity of said CTCpression product is detennined by assaying for a 
conversion of 18:2n6 to 22:Sn6. 

34. A metiiod for identifying a compound according to any one of the claims 25 to 32, 
wherein said relative activity of said expression product is determined by assaying for a 
conversion of 183n3 to 22:6n3. 

35. A mediod for identifying a compound according to any one of ttie claims 25 to 32, 
wherein said relative activity of said e>q>re5sion product is determined by assaying for a 
conversion of 1 6:0 to 22:4n9. 

36. A use of a method according to any one of the claims 25 to 34 for identifying a 
modulator that modulates Hpid metabolism disorders. 

37. A use according to claim 36 for identifying a modulator that modulates a disorder 
selected from the group consisting of atopic eczema, mastalgia, rheumatoid arthritis, Sjogren's 
syndrome, gastrointestinal disorders, viral infections andpostviral fatigue, pre-menstrual 
syndrome, endometriosis, cystic fibrosis, schizophrenia, alcoholism, congenita] liver disease, 
Alzheimer's syndrome, Crohn's disease, cardiovascular disease, cancer, diabetes and diabetic 
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complicatioiis. 

38. A use according to claims 37, wherein said diabetic complication is selected from the group 
consisting of diabetic neuropathy^ diabetic nephropathy and diabetic retinopathy. 

39. A composition for treating a lipid metabolism disorder comprising a compound 
identified by any one of the methods of claims 25 to 35 and a phannaceutically acceptable 
carrier. 

40. A composition as claimed in claim 39, wherein said disorder is selected from the group 
consisting of atopic eczema, mastalgia, ifaenmatoid arthzitis» Sjdgren's syndrome, gastrointestinal 
disorders, viial infiections and postviral fatigue, pre-menstnial syndrome, endometriosis, cystic 
fibrosis, schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's 
disease, cardiovascular disease, cancer, diabetes and diabetic complications. 

41 . A composition as claimed in claim 40, wherein said diabetic complication is selected 
from the group consisting of diabetic neuropathy, nephropathy and retinopathy. 

42. A composition as claimed in any one of claims 39 to 41, wherein said compomid is 
selected &om the group consisting of small organic molecules, peptides, polypeptides, antisense 
molecules, oligonucleotides, polynucleotides, fatty acids and derivatives thereol 

43 . The use of a composition as claimed in claims 39 to 40 for treating Upid metabolism 
disorders. 

44. The use of claim 43, wherem said disorder is selected from the group consistmg of atopic 
eczema, mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral, 
infections and postviral fetigue, pre-menstrual syndrome, endometriosis, cystic fibrosis, 
schizophrenia, alcoholism, congenital Uver disease, Alzlieimer*s syndrome, Crohn's disease, 
cardiovascular disease, cancer, diabetes and diabetic complications. 

45. The use of claim 44, wherein said diabetic complication is selected from the group 
consisting of diabetic neuropathy, nephropathy and retinopathy. 

46. A method for diagnosing the presence of or a predisposition for a lipid metabolism disorder 
in a subject by detecting a germline alteration in a polynucleotide of claim 1 in said subject, wherein 
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Hie polynucleotide encodes a mammalian delta-6-desaturasecomprising comparing the gemiline 
sequence of said polynucleotide firom a tissue sample from said subject with the genrdine sequence 
of a wild-type of said polynucleotide, wherein an alteration in the germline sequence of said subject 
indicates the presence of or a predisposition to said lipid metabolism disorder. 

47. A method for diagnosing the presence of or a predisposition for a disorder as claimed in 
claim 46, v^rein said disorder is selected firom the group consisting of atopic eczema, 
mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral infections 
and postvital fatigue, pre-menstnial syndrome, endometriosis, cystic fibrosis, schizophrenia, 
alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, cardiovascular 
disease, cancer, diabetes and diabetic complications. 

48. A method for diagnosing the presence of or a predisposition for a disorder as claimed in 
claim 47, wherein said diabetic complication is selected irom the group consisting of diabetic 
neuropathy, nephropathy and retinopathy. 

49. The method of claims 46 to 48, wherein said comparing is performed by a method 
selected from the group consisting of immunobiotting, immunocytochemistry, enzyme-linked 
immunosorbent assay, DNA fingerprinting, in situ hybridization, polymerase chain reaction, 
reverse transcription polymerase chain reaction, radioimmunoassay, immunoradiometric assay 
and inununoenzymatic assay. 

50. A method for diagnosing the presence of or a predisposition for a lipid metaholic disorder in 
a subject, comprising comparing the polypeptide sequence of a control region of delta-6-desaturase 
from a tissue sample from said subject with the sequence of a wild-iype of said delta-6-desatura5e, 
wherein an alteration in the sequence of said subject as compared to said wild-type indicates the 
presence of or a predisposition to said lipid metabolic disorder. 

51. A method as claimed in claim 50, wherein said disorder is selected fi^om the group 
consisting of atopic eczema, mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal 
disorders, viral infections and postvital fatigue, pre-menstrual syndrome, endometriosis, cystic 
fibrosis^ schizophrenia, alcoholism, congenital Uver disease^ Alzheimer's syndrome, Crohn's 
disease, cardiovascular disease, cancer, diabetes and diabetic complications. 

52. A method as claimed in any one of claims 50 to 5 1 , wherein said diabetic complication is 
selected from the group consisting of diabetic neuropathy, nephropathy and retinopathy. 
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53 . The method of any one of claims 50 to 52, wherein said comparing is performed by a method 
selected &om the group consisting of immimoblotting) immunocytochemistry, enzyme-Kpked 
iimnunosoibent assay, DNA fingerprinting, radioimmunoassay, immunoradiometric assay, 
immimoenzymatic assay and polypeptide microarrays. 

54. A method for identifying a compoimd which inhibits or promotes the activity of control 
regions of mammalian delta-6- and/or delta-S-desaturases, oon^rising the steps of: 

(a) selecting one or more host cells comprising said polynucleotides, wherein such host cells are 
heterogeneous to said polynucleotides; 

(b) cloning said host cells and separating said clones into a test group and a control group; 

(c) treating said test group using a compound; and 

(d) determining the relative quantities of expression products of operably linked polynucleotides 
to said control regions, as between said test group and said control group. 

55. A composition for treating a lipid metabolism disorder comprising a compound 
identified by a method of claim 54 and a pharmaceutically acceptable carrier. 

56. A composition as claimed in claim 55, wherein said disorder is selected fi'om the group 
consisting of atopic eczema, mastalgia, rheumatoid arthritis, Sj6gren*s syndrome, gastrointestinal 
disorders, viral infections and postviral fatigoe, pre-mcnstrual syndrome, endametriosxs» cjrstic 
fibrosis, schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, 
cardiovascular disease, cancer, diabetes and diabetic complications. 

57. A composition as claimed in claim 56, wherein said diabetic complication is selected from 
the group consisting of diabetic neuropathy, nephropathy and retinopathy. 

58. A composition as claimed in any one of claims 55 to 57, wherein said compound is 
selected from the group consisting of small organic molecules, peptides, polypeptides, antisense 
molecules, oligonucbotidcs, polynucleotides, fatty acids and derivatives dicreof. 

59. The use of a composition as claimed m any one of claims 55 to 58 for treating lipid 
metabolism disorders. 

60. The use of claim 59, wherein said disorder is selected from the group consisting of atopic 
eczema, mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral 
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mfections and postvital fetigae, pre-menstmal syndrome, endometriosis, cystic fibrosis, 
schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, 
cardiovascular disease, cancer, diabetes and diabetic complications. 

61 . The use of claim 60, wherein said diabetic complication is selected firom the group consisting 
of diabetic neuropathy, nephropathy and retinopathy. 

62. A compound identified by the methods of any one of claims 9 to 13 or 25 to 35. 

63 . The use of a compound as claimed in claim 62 for treating a lipid metabolism disorder. 

64. The use of clahn 63, wherein said disorder is selected finm die group consisting of atopic 
eczema, mastalgia, ihemnatoid artibdtis, Sj&gren's syndrome, gastrointestinal disorders, viral 
infections and postviral fetigue, pre-menstnial syndrome, endometriosis, cystic fibrosis, 
schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, 
cardiovascular disease, cancer, diabetes and diabetic compUcations. 

65. The use of claim 64, wherein said diabetic complication is selected from the group 
consisting of diabetic neurqpathy, nephropathy and retinopathy. 

66. A host cell as claimed in claim 4, wherein said host cell is a spheroplast 

67. A spheroplast as claimed in claim 66, wherein said spheroplast is a Saccharomyces 
cerevisiae. 

68. A method as claimed in any one of claims 5, 12, 13, 28, 29 or 54, wherein said host ceil 
is a spheroplast 

69. A method as claimed in claim 68, wherein said spheroplast is a Saccharomyces 
ccrevisiac 

70. A composition for treating a lipid metabolism disorder comprising a compound 
identified by any one of the methods of claims 68 or 69 and a pharmaceatically acceptable 
carrier. 

71 . A composition as claimed in claim 70, wherein said disorder is selected from the group 
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consisting of atopic eczema, mastalgia, ifaeumatoid aifhritis, SjSgren's syndrome, gastrointestinal 
disorders, viral infections and postviral fatigue, pxe-menstrual syndrome, endometriosis, cystic 
fibrosis, schizophrenia, alcoholism, congenital livier disease, Alzheimer's syndrome, Crohn's 
disease, cardiovascular disease, cancer, diabetes and diabetic complications. 

72. A composition as claimed in claim 71, wherein said diabetic complication is selected 
from the group consisting of diabetic neuropathy, nephropathy and retinopathy. 

73. A composition as claimed in any one of claims 70 to 72, wherein said compound is 
selected from the group consisting of small organic molecules, peptides, polypeptides, antisense 
molecules, oligonucleotides, polynucleotides^ fatty acids and derivatives thereof 

74. The use of a composition as claimed in any one of claims 70 to 73 for treating lq)id 
metabolism disorders. 

75. The use of claim 74, wherein said disorder is selected from the group consisting of atopic 
eczema, mastalgia, rheumatoid arthritis, Sjogren's syndrome, gastrointestinal disorders, viral 
infections and postviral fatigue, pre-menstrual syndrome, endometriosis, cystic fibrosis, 
schizophrenia, alcoholism, congenital liver disease, Alzheimer's syndrome, Crohn's disease, 
cardiovascular disease, cancer, diabetes and diabetic complications. 

76. The use of claim 75, wherein said diabetic complication is selected from the group 
consisting of diabetic neuropathy, nephropathy and retinopathy. 
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SEQUENCE LISTING 

<liO> OuantaNova Canada Ltd. 

<120> Polynucleotides that Control Delta-6-Desaturase Genes 
and Methods for Identifying Compounds for Modulating 
Delta-6-Desaturase 

<130> 38*785-0005 

<14 0> PCTCAOO/* 
<14I> 2001-03-26 

<150> CA2,301, 158 
<151> 2000-03-24 

<160> 70 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 1595 • 
<212> DNA 
<213> rat 

<400> 1 

ctgctgttca tccttctgag aactctcaga acltLctcac taacgtcgtt tgtgtattcc 60 
ggtgatccat ctttagaaaa caaacaaacc aatacaaaac cgctttcttg actttattat 120 
gtcacatcgt taacatgtat aaaagccagt cttgctccgt atgcatagct gtgtcccatc 180 
tccctacagg atcttgcttt gcagcccaga ccagcctcaa actctgccaa tattctgcct 240 
caggcttctg attgttgaca gtatggacat ggccaccaca cctacttctt atctttccgg 300 
cgggcaggcg gcactgtttg gatgtttgtg gcttcactca cattccttgg gcctggagtg 360 
tgtggaatga agaaaaggtg acggatgcca ggacagaatg ggatgaggat gccgtgggag 420 
ggactgtggg gaggccatta cccccgcacc aggtacttca tttggaccag catcatgagg 480 
atctagggag cccaaagtct ggaaagggcc gtggaagaga ccaagcaggg ccactagcta 540 
agcatgtgca ttttgaccat tttatctctc ttaacctcag actcttaatt ttgaagtgag 600 
tgataacaat attacagggt tgtggtgaga ctttagtgga caggcccctc ttgctactcc 660 
cttagtatca gcatctttct ttcctgtaat tggtgcacta ttgtcgaatc aattgcgggc 720 
ttttaatgct tccatgtttc ccaaccaggc ttgtgaactc tttttcagtc aaagacagga 780 
acggtgtcca gttcatcctg gcatcctccc cacgagccac ccccgcggca cttagcacga 840 
ggaagaagca gaggttctgc aattcttttc caagatggtc tgataaaagg agtcagagcc 900 
ctggttaaag agaaacccac ttctgactcc tttctctagg aaggttgctg gaaggcaaca 960 
aacaatatgg atcgcttaga caatgcgaga tacgggagtc tgcgtcccag ctagccaggg 1020 
agagaccgtc gcctagccaa gacagcacag gggcccttgt ccagccggag gccgagtgtt 1080 
ggtcaccaaa gccgttgcgc ctcctttgtg cgagcatcag gtgcaaatcc ccggagcgcg 1140 
ggccgagcgc gctcgcgctt tgaagcgcgc aaagaaaagc ccagccgccg cccccgctct 1200 
ccctctcagc tcctcagaga tctactccgt ctttctccgc tccagccagc gaagggagga 1260 
ggaggtgtcg agggccctga gctacccggg agttttcact agaggcaaaa gtccacagca 1320 
ggcgggccga ggycgggtgg aggaagggga ccgctggggg gcactgggaa gccaggggta 1380 
ctcctgaggg aaggcagggg tactggctag ctagtgtagg cgaggaggag cgaaggcgag 1440 
gggaggaggc gcggtgggag gaggagtaga agacaaaagc tgaaagcgag gagggcgcct 1500 
accgcacact gcggccagga gagggaccgt cggtgctacg agccgcgggc gcccggangg 1560 
ccgtagcgca cgggtcatcc gggtagacag gcagc 1595 



<210> 2 ' 

<211> 1497 

<212> DNA 

<213> Human 
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<400> 2 

tctcaggctc 

tgtgatgaga 

aatctgaggg 

gttcatcctt 

ccaggacgcc 

cccacgccta 

ggagtctqca 

gagcttactg 

tcccctccct 

tccgcaattc 

ggcttgtgtc 

gggatacLgg 

ctggagttga 

gtggccgcgc 

gcacgcgccc 

ctcctccggc 

tcgcagcagg 

ccgctggcct 

gtgcaggcgc 

gaacccgagg 

cggggagttt 

aggggaccgc 

cccgagcgca 

aagccgaaag 

gcgagcagcc 



tccattttca 
atctaatgat 
ccctataact 
acttcccacg 
cggcactaag 
aaagacctaa 
caacatcact 
agaccagggc 
tccccctcac 
ttttctaaga 
tctagggagg 
agtctcgact 
gtgccccgca 
cggctttgtg 
cggagcgcgc 
gcccggggcc 
gctcgactcc 
tcgaaagatc 
tctgctgatc 
cggggggagc 
ttactggagg 
ttgggggcac 
ggcgagaagg 
cgaagagggc 
ggcgcgggga 



agtgagatgt 
tagggtgtgc 
cctctagtga 
tgccccgtta 
ccgccccatc 
ccctcctcct 
gcccaatgat 
aaggaccgcg 
cgcagccatg 
ttgtctgact 
ttgcagaaag 
gccgcgcgcc 
gcccgccggt 
tcggcatcag 
ggagcccatt 
ggagagtggg 
acgcgggagg 
ctcctgggcc 
gctgtggaaa 
cggaggggcg 
caaaagtcca 
tgggaagcca 
ctgggggagg 
ccgggctgca 
ggccgcagtg 



aataatatgc 
tagcacacag 
ttcccaagcc 
gccctccgga 
cagctggggt 
atcccttcga 
gtgtctgctt 
ccagttcctc 
gcgcccagac 
agagggttca 
gcgccagaat 
aaggaagggc 
ccacccgccc 
gtgcaaaccc 
cgttgccccc 

ggagggagga 

gcgggggagc 
aatggcaggc 
ctcgggcggc 
ggcagaggag 
tcgcgggagy 
gggatcctcc 
gggcgcggtg 
cacaccggct 
carggggcgt 



gtcctgttta 
gcacctgtaa 
tcgtgcaccc 
tgcagtcagg 
ctgaggggcc 
tacggcagtc 
ccacgattcc 
atcgccccct 
caagaaagca 
aagccctcta 
gtggatggcg 
gtcacctagc 
ggccgcttgc 
ccagagcgcc 
accgggatct 
ggtcggacac 
cggggacccg 
ggggcgacgc 
ggggaacgcg 
gtgtcgaggc 
gctgagggag 
gccaggaagg 
ggaggagtag 
gggaggcagc 
cacagtcggc 



cctctcagcc 
atcccattga 
caccctctct 
cccatttccc 
tgtctcttgc 
tttatttgct 
caaagagact 
tcctctgcct 
gagcagaggt 
atccaaggcc 
cggacaatgt 
caagccggcc 
tggcaccctg 
gggcgtgcgc 
cctctaggat 
gtagcctgcc 
ccgctccagc 
gaccggattg 
ggaggatgtg 
cctgagctcc 
gggcggagga 
cagggacact 
gagaagacaa 
cgtctgtgca 
aggcagc 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1497 



<210> 3 
<211> 1335 
<212> DNA 
<213> rat 



<400> 3 

atggggaagg 

ttccgctggg 

cgcaaggtct 

ggacactatt 

ttcgtgggca 

ctggaccggg 

gaggacatga 

atcgtcatgg 

accgtcatca 

gattatggcc 

gtcattggcc 

catgcgaagc 

cttggagagt 

caccagcatg 

taccagatca 

agctactatg 

gttttcctca 

aaccacattg 

gcagccacct 

ttccagattg 

ccactggtga 

agggccctgc 

tacctccaca 



gaggtaacca 
aggagattca 
acaacgttac 
cgggagaaga 
agttcttgaa 
gcaaaagctc 
accttttcaa 
aaagcatcgc 
cggcctttgt 
acctttctgt 
acttaaaggg 
ccaacatctt 
ggcagcccct 
aatacttctt 
tcatgaccat 
cacgtttctt 
actttatcag 
tcatggagat 
gcaatgtgga 
agcaccacct 
agtctctctg 
tcgacattgt 
aatga 



gggagagggg 
gaagcacaac 
caaatggtcc 
tgctacggat 
gcccctgctg 
tcagatcacc 
aaccaaccac 
ctggttcatc 
ccttgctacc 
ctataagaaa 
tgcctccgcc 
ccacaaggac 
cgagtatggc 
cctgatcgga 
gatcagacgc 
ctacacctat 
gttcctggag 
tgatcttgat 
gcagtccttc 
cttccccact 
cgccaagcat 
gagttcactg 



agcaccgagc 
ctgcgcaccg 
caccggcacc 
gccttccgtg 
attggtgagc 
gaggacttca 
ctqttcttct 
ctctcgtact 
tcccaggccc 
tccatatgga 
aactggtgga 
cccgacataa 
aacaagaagc 
ccaccgctgc 
agagactggg 
atccctttct 
agccactggt 
cactaccggg 
ttcaatgact 
atgccaagac 
ggcattgaat 
aagaagtctg 



tccaggctcc 
accggtggct 
caggggggca 
ccttccacct 
tggccccaga 
gggccctgaa 
ttctcctcct 
tcggcaatgg 
aagctggatg 
accacattgt 
accatcgaca 
agagcctgca 
tgaaatatct 
tcatccctat 
tggacttggc 
atggcatctt 
ttgtgtgggt 
actggttcag 
ggttcagcgg 
acaacttgca 
accaagagaa 
gggagctgtg 



gatgcccacc 
cgtcatcgac 
ccgtgtcatc 
ggacctggat 
ggagcccagc 
gaagactgct 
gtcccacatc 
ctggattccc 
gctacaacat 
ccacaagttt 
tttccagcac 
cgtgtttgcc 
gccctacaac 
gtacttccag 
ctgggcca tc 
gggagccctg 
cacacagatg 
cagccagctg 
gcacctcaat 
caagattgcc 
gccgctgctg 
gctggatgcc 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 . 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

]200 

1260 

1320 

1335 
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<211> 1335 
<212> DNA 
<213> Human 

<4 00> 4 

atggggaagg gagggaacca gggcgagggg gccgccgagc gcgaggtgtc ggtgcccacc 60 
ttcagctggg aggagattce gaagcataac ctgcgcaccg acaggtggct ggtcattgac 120 
cgcaaggttt acaacatcac caaatggtcc atccagcacc cggggggcca gcgggtcatc 180 
gggcactacg ctggagaaga tgcaacggat gccttccgcg ucLtccaccc tgacctggaa 240 
ttcgtgggca agttcttgaa acccctgctg attggtgaac tggccccgga ggagcccagc 300 
caggaccacg gcaagaactc aaagatcact gaggacttcc gggccctgag gaagacggct 360 
gaggacatga acctgttcaa gaccaaccac gtgttcttcc tcctcctcct ggcccacatc 420 
atcgccctgg agagcattgc atggttcact gtcttttact ttggcaatgg ctggattcct 480 
accctcatca cggcctttgt ccttgctacc tctcaggccc aagctggatg gctgcaacat 540 
gattatggcc acctgtctgt ctacagaaaa cccaagtgga accaccttgt ccacaaattc 600 
gtcafctggcc acttaaaggg tgcctctgcc aactggtgga atcatcgcca cttccagcac 660 
cacgccaagc ctaacatctt ccacaaggat cccgatgtga acatgctgca cgtgtttgtt 720 
ctgggcgaat ggcagcccat cgagtacggc aagaagaagc tgaaatacct gccctacaat 780 
caccagcacg aatacttctt cctgattggg' ccgccgctgc tcatccccat gtatttccag 840 
taccagatca tcatgaccat gatcgtccat aagaactggg tggacctggc ctgggccgtc 900 
agctactaca tccggttctt catcacctac atccctttct acggcatcct gggagccctc 960 
cttttcctca acttcatcag gttcctggag acccactggt ttgtgtgggt cacacagatg 1020 
aatcacatcg tcatggagat tgaccaggag gcctaccgtg actggttcag tagccagcUg 1080 
acagccacct gcaacgtgga gcagtccttc ttcaacgact ggttcagtgg acaccttaac 114 0 
ttccagattg agcaccacct cttccccacc atgccccggc acaacttaca caagatcgcc 1200 
ccgctggtga agtctctatg tgccaagcat ggcattgaat accaggagaa gccgctactg 1260 
agggccctgc tggacatcat caggtccctg aagaagtctg ggaagrtgtg gctggacgcc 1320 
taccttcaca aatga 1335 



<210> 5 
<211> 444 
<212> PRT 
<213> rat 

<400> 5 

Met Gly Lys Gly Gly Asn Gin Giy Glu Gly Ser Thr Glu Leu Gin Ala 
15 10 15 

Pro Met Pro Thr Phe Arg Trp Glu Glu lie Gin Lys His Asn Leu Arg 
20 25 30 

Thr Asp Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn Val Thr Lys 
35 40 45 

Trp Ser Gin Arg His Pro Gly Gly His Arg Val He Gly His Tyr Ser 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Leu Asp Leu Asp 
65 70 "75 80 

Phe Val Gly Lys Phe Leu Lys Pro Leu Leu He Gly Glu Leu Ala Pro 
85 90 95 

Glu Glu Pro Ser Leu Asp Arg Gly Lys Ser Ser Gin He Thr Glu Asp 
100 105 HO 

Phe Arg Ala Leu Lys Lys Thr Ala Glu Asp Mer. Asn Leu Phe Lys Thr 
115 120 125 
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Asn His Leu Phe Phe Phe Leu Leu Leu Ser His lie lie Val Met GIu 
130 135 140 

Ser He Ala Trp Phe He Leu Ser Tyr Phe Gly Asn Gly Trp He Pro 
145 150 155 160 

Thr Val He Thr Ala Phe Val Leu Ala Thr Ser Gin Ala Gin Ala Gly 

165 170 175 

Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Lys Lys Ser He 
180 185 190 

Trp Asn His He Val His Lys Phe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
210 215 220 

Asn He Phe His Lys Asp Pro Asp He Lys Ser Leu His Val Phe Val 
225 230 235 2^0 

Leu Gly Glu Trp Gin Pro Leu Glu Tyr Gly Lys Lys Lys Leu Lys Tyr 
245 250 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Leu Leu He Pro Met Tyr Phe Gin Tyr Gin He He Met Thr Met He 
275 280 -285 

Arg Arg Arg Asp Trp Val Asp Leu Ala Trp Ala He Ser Tyr Tyr Ala 
290 295 300 

Arg Phe Phe Tyr Thr Tyr He Pro Phe Tyr Gly He Leu Gly Ala Leu 
305 310 315 320 

Val Phe Leu Asn Phe He Arg Phe Leu Slu Ser His Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Val Met Slu He Asp Leu Asp His Tyr 
340 345 350 

Arg Asp Trp Phe Ser Ser Gin Leu Ala Ala Thr Cys Asn Val Glu Gin 
355 360 365 

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 

370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Leu Hi.Pt 7,y<? He Ala 
385 390 395 400 

Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Glu 
405 410 415 

Lys Pro Leu Leu Arg Ala Leu Leu Asp He Val Ser Ser Leu Lys Lys 
420 425 430 



Ser Gly Glu Leu Trp Leu Asp Ala Tyr Leu His Lys 
435 440 
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<210> 6 
<211> 473 
<212> PRT 
<213> rat 

<400> 6 

Met Gly Lys Gly Gly Asn Gin Gly Giu Giy Ser Thr GXu Leu Gin Ala 
15 10 15 

Pro Met Pro Thr Phe Arg Trp Glu Glu lie Gin Lys His Asn Leu Arg 

20 25 30 

Thr Asp Arg Trp Leu Val lie Asp Arg Lys Val Tyr Asn Val Thr Lys 
35 40 45 

Trp Ser Gin Arg His Pro Gly Gly His Arg Val He Gly His Tyr Ser 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Leu Asp Leu Asp 
65 70 -75 80 

Phe Val Gly Lys Phe Leu Lys Pro Leu Leu lie Gly Glu Leu Ala Pro 
85 . 90 95 

Glu Glu Pro Ser Leu Asp Arg Gly Lys Ser Ser Gin He Thr Glu Asp 
100 105 110 

Phe Arg Ala Leu Lys Lys Thr Ala Glu Asp Met Asn Leu Phe Lys Thr 
115 120 125 

Asn His Leu Phe Phe Phe Leu Leu Leu Ser His He He Val Met Glu 
130 135 140 

Ser He Ala Trp Phe He Leu Ser Tyr Phe Gly Asn Gly Trp He Pro 
145 150 155 160 

Thr Val He Thr Ala Phe Val Leu Ale Thr Ser Gin Ala Gin Ala Gly 
165 170 175 

Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Lys Lys Ser He 
180 IBS 190 

Trp Asn His He Val His Lys Phe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
210 215 220 

Asn He Phe His Lys Asp Pro Asp He Lys Ser Leu His Val Phe Ala 
225 230 235 240 

Leu Gly Glu Trp Gin Pro Leu Glu Tyr Gly Lys Lys Lys Leu Lys Tyr 
245 250 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu He Gly Pro Pro 

260 265 270 

Leu Leu He Pro Met Tyr Phe Gin Tyr Gin He He Met Thr MeL He 
275 280 285 
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Arg Arg Arg Asp Trp val Asp Leu Ala Trp Ala He Ser Tyr Tyr Ala 
290 295 300 

Acq Phe Phe Tyr Thr Tyr He Pro Phe Tyr Gly He Leu Gly Ala Leu 
305 310 315 320 

Val Phe Leu Asn Phe He Arg Phe Leu Glu Ser His Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Val Met Glu He Asp Leu Asp His Tyr 
340 345 350 

Arg Asp Trp Phe Ser Ser Gin Leu Ala Ala Thr Cys Asn Val Glu Gin 
355 360 365 

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
•370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys He Ala 
385 390 395 400 

Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Glu 
405 410 415 

Lys Pro Leu Leu Arg Ala Leu Leu Asp He val Ser Ser Leu Lys Lys 
420 425 430 

Ser Gly Glu Leu Trp Leu Asp Ala Tyr Leu His Lys Ser Arg Gly Pro 
435 440 445 

Phe Glu Gly Lys Pro He Pro Asn Pro Leu Leu Gly Leu Asp Ser Thr 
450 455 460 

Arg Thr Gly His His His His His His 
465 470 



<210> 7 
<211> 
<212> PRT 
<213> Human 

<400> 7 

Met Gly Lys Gly Gly Asn Gin Gly Glu Gly Ala Ala Glu Arg Glu Val 
15 10 15 

Ser Val Pro Thr Phe Ser Trp Glu Glu He Gin Lys His Asn Leu Arg 

20 25 30 

Thr Asp Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Thr Lys 
35 40 45 

Trp Ser He Gin His Pro Gly Gly Gin Arg Val He Gly His Tyr Ala 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Pro Asp Leu Glu 
65 70 75 80 

Phe Val Gly Lys Phe Leu Lys Pro Leu Leu He Gly Glu Leu Ala Pro 
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85 



90 



95 



Glu Glu Pro Ser Gin Asp His Gly Lys Asn Ser Lys He Thr Glu Asp 

100 105 110 

Phe Arg Ala Leu Arg Lys Thr Ala Glu Asp Met Asn Leu Phe Lys Thr 
115 120 125 

Asn His Val Phe Phe Leu Leu Leu Leu Ala His He He Ala Leu Glu 
130 135 140 

Ser lie Ala Trp Phe Thr Val Phe Tyr Phe Gly Asn Gly Trp lie Pro 
145 150 155 160 

Thr Leu He Thr Ala Phe Val Leu Ala Thr Ser Gin Ala Gin Ala Gly 
165 170 175 

Trp Leu Gin His Asp ?yr Gly His Leu Ser Val Tyr Arc Lys Pro Lys 
180 185 190 

Trp Asn His Leu Val His Lys Phe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
210 215 220 

Asn He Phe His Lys Asp Pro Asp Val Asn Met Leu His Val Phe Val 
225 230 235 240 

Leu Gly Glu Trp Gin Pro He Glu Tyr Gly Lys Lys Lys Leu Lys Tyr 
245 250 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Leu Leu He Pro Met Tyr Phe Gin Tyr Gin He He Met Thr Met He 
275 280 285 

Val His Lys Asn Trp Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr He 
290 295 300 

Arg Phe Phe He Thr Tyr He Pro Phe Tyr Gly He Leu Gly Ala Leu 

305 310 315 320 

Leu Phe Leu Asn Phe He Arg Phe Leu Glu Ser His Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Val Met Glu He Asp Gin Glu Ala Tyr 
340 345 350 

Arg Asp Trp Phe Ser Ser Gin Leu Thr Ala Thr Cys Asn Val Glu Gin 
355 360 365 

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys He Ala 
385 390 395 400 



Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Glu 
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405 410 415 

Lys Pro Leu Leu Arg Ala Leu Leu Asp He lie Arg Ser Leu Lys Lys 
A20 425 430 

Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys 
435 MO 



<210> 8 
<211> 473 
<212> PRT 
<213> Human 

<400> 8 

Met Gly Lys Gly Gly Asn Gin Gly Glu Gly Ala Ala Glu Arg Glu Val 
15 10 15 

Ser Val Pro Thr Phe Ser Trp Glu Glu He Gin Lys His Asn Leu Arg 
20 25 30 

Thr Asp Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Thr Lys 
35 40 45 

Trp Ser He Gin His Pro Gly Gly Gin Arg Val He Gly His Tyr Ala 
50 55 60 

Gly Glu Asp Ala Thr Asp Ala Phe Arg Ala Phe His Pro Asp Leu Glu 
65 70 75 80 

Php Val Gly Lys Phe Leu Lys Pro Leu Leu He Gly Glu Leu Ala Pro 
' 85 90 95 

Glu Glu Pro Ser Gin Asp His Gly Lys Asn Ser Lys He Thr Glu Asp 

100 105 110 

Phe Arg Ala Leu Arg Lys Thr Ala Glu Asp Met Asn Leu Phe Lys Thr 
115 120 125 

Asn His Val Phe Phe Leu Leu Leu Leu Ala His He He Ala Leu Glu 

130 . 135 140 

Ser He Ala Trp Phe Thr Val Phe Tyr Phe Gly Asn Gly Trp He Pro 
145 150 155 160 

Thr Leu He Thr Ala Phe Val Leu Ala Thr Ser Gin Ala Gin Ala Gly 
165 170 1'75 

Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys 
' 180 185 190 

Trp Asn His Leu Val His Lys Phe Val He Gly His Leu Lys Gly Ala 
195 200 205 

Ser Ala Asn Trp Trp Asn His Arg His Phe Gin His His Ala Lys Pro 
210 215 220 

Asn He Phe His Lys Asp Pro Asp Val Asn Met Leu His Val Phe Val 
225 230 235 240 
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Leu Gly Glu Trp Gin Pro lie Glu Tyr Gly Lys Lys Lys Leu Lys Tyr 

245 250 255 

Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu lie Gly Pro Pro 
260 265 270 

Leu Leu lie Pro Met Tyr Phe Gin Tyr Gin lie lie Met Thr Met He 

275 280 285 

Val His Lys Asn Trp Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr He 
290 295 300 

Arg Phe Phe He Thr Tyr He Pro Phe Tyr Gly Tie Len Gly Ala Leu 

305 310 315 320 

Leu Phe Leu Asn Phe He Arg Phe Leu Glu Ser His Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Val Met Glu He Asp Gin Glu Ala Tyr 
340 345 350 

Arg Asp Trp Phe Ser Ser Gin Leu Thr Ala Thr Cys Asn Val Glu Gin 
355 360 365 

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu ■ 
370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys He Ala 
385 390 395 400 

Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly He Glu Tyr Gin Glu 
405 410 415 

Lys Pro Leu Leu Arg Ala Leu Leu Asp He He Arg Ser Leu Lys Lys 
420 425 430 

Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys Ser Arg Gly Pro 
435 440 445 

Phe Gin Gly Lys Pro He Pro Asn Pro Leu Leu Gly Leu Asp Ser Thr 
450 455 460 

Arg Thr Gly His His His His His His 
465 470 

<210> 9 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 9 

cacgcgaagc ttatggggaa gggaggtaac cag 33 

<210> 10 
<211> 33 
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<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 10 

cacgcgtcta gatcatttgt ggaggtaggc ate 



<210> 11 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 11 

cacgcgtcta gatttgtgga ggtaggcatc cag 



<210> 12 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence; primer 
<400> 12 

cacgcgaagc ttatggggaa gggagggaac 30 

<:210> 13 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 13 

cacgactcta gaggggctgt ggcttcattt gt 32 



<210> 14 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 14 

cacgcgtcta gatttgtgaa ggtaggcgtc cac 33 



<210> 15 
<211> 20 



10/22 



SUBSTITUTE SHEET (RULE 26) 



wo 01/70993 PCT/CAOl/00398 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 15 

tggggaagat cctctctgtc 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 16 

ggacttggcc tggatgattc 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 17 

actattgggg ctgaaagcct 20 

<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequence . 
<220> 

<223> Description of Artificial Sequence rpr.imer 
<400> 18 

catcgtggga aaaagatggt 20 

<210> 19 
<211> 20 
<23 2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 19 

gggaaaaaga tggtgctcaa 20 

<210> 20 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 20 

atgatcaatg tgcatgggaa 



<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; primer 
<400> 21 

ggcactacgc tggagaagat 



<210> 22 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 22 

ccattcgccc agaacaaa 



<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 23 • 
cccctgctga ttggtgaact 



<210> 24 

<211> 20 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : primer 



<400> 24 

aaaggccgtg atgagggtag 20 

<210> 25 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : primer 



<400> 25 

acacaaacca gtggctctcc 



20 



<210> 26 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 26 

ccatgatcgt ccataagaac t 21 



<210> 27 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 



<210> 28 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 28 

catccctttc tacggcatcc t 21 



<210> 29 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 



<400> 27 

atttgtgaag gtaggcgtcc ag 



22 



<400> 29 

gcggcttctc ctggtattca 



20 



<:210> 30 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 30 

gggccgtcag ctactacatc 



<210> 31 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 31 

tggctactga accagtcacg 



<210> 32 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 32 

ccgaggacat gaagctgttt g 



<210> 33 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 33 

ctgctggttg tagggtaggt at 



<210> 34 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : primer 
<400> 34 

agtcccacct tctttgcttt c 



<210> 35 
<211> 22 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 35 

agggtaggta tctgcgtttc tt 



<210> 36 

<211> 22 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : primer 
<400> 36 

cttctttg.tt octgtcaggg tc 



<210> 37 
<211> 21 
<212> DNA 
<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : primer 



<400> 37 

ggtgctcgat ctggaagttg a 21 

<210> 38 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : primer 
<400> 38 

aaaatctggc gtacatgctg g 



<210> 39 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 39 

aggtggtgct cgatctggaa 20 

<210> 40 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 40 

tcaacttcca gatcgagcac c 



<210> 41 

<211> 20 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 41 

tccagccaga tgtcaccaga. 



<210> 42 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 42 

gatgtggccc agtaggaaag 



<210> 43 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 43 

gttcctacag cccctgttga 



<210> 44 

<211> 26 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : primer 
<400> 44 

ccacccactt ctttcgctgg ataaca 



<210> 45 
<211> 24 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artiticiai Sequence: primer 

<400> AS 

tgtgctggtg gttgtacggc atat 24 

<210> 46 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 46 

cacgcgaagc ttatggggaa gggaggtaac cag 33 

<210> 47 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 47 

cacgcgtcta gatcatttgt ggaggtaggc ate 33 

<210> 48 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 48 

cacgcgtcta gatttgtgga ggtaggcatc cag 33 

<210> 49 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 49 

cacgcgaagc ttatggggaa gggagggaac 30 

<210> 50 
<211> 32 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 50 

cacgactcta gaggggctgt ggcttcattt gt 32 

<210> 51 
<211> 33 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 51 

cacgcgtcta gatttgtgaa ggtaggcgtc cag 33 

<210> 52 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-primer 



22 



<400> 52 

gtaatacgac tcactatagg gc 

<210> 53 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 53 

caggttgtgc ttctgaatct cctc 24 

<210> 54 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 54 

actatagggc acgcgtggt 

<210> 55 
<211> 27 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 55 

tctccctggt tacctccctt ccccatg 



<210> 56 
<211> 34 
<21?> DNA 

<213> Artificial Sequence ' 



<220> 

<223> Description of Artificial Sequence : primer 
<400> 56 

cacgacgagc tcctgctgtt cattccttct gaga 



<210> 57 

<211> 33 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : primer 
<400> 57 

cacgacctcg aggctgcctg tctacccgga tga 



<210> 58 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primftr 
<400> 58 

tctcaggctc tccattttca 



<210> 59 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : primer 
<40Q> 59 

ctcttcgctt tcggcttttg 20 



<210> 60 
<211> 30 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 60 

cacgcgctgc aggctgcctg ccgactgtga 



30 



<210> 61 
<211> 33 
<712> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 61 

gcgggtacct ctcaggctct ccattttcaa gtg 33 

<210> 62 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 62 

gcgggtaccg ctgcctgccg actgtga 27 

<210> 63 
<211> 34 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : primer 
<400> 63 

cacgacgagc tcctgctgtt cattccttct gaga 34 

<210> 64 
<211> 33 
<212>. DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : primer 
<400> 64 

cacgacctcg aggctgcctg tctacccgga tga 33 

<210> 65 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 65 

tctcaggctc tccattttca 

<210> 66 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<:400> 66 

ctcttcgctt tcggcttttg . 20 

<210> 67 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 67 

tctcaggctc tccattttca ^ 20 

<210> 68 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<:223> Description of Artificial Sequence: primer 
<400> 68 

cacgcgctgc aggctgcctg ccgactgtga 30 

<210> 69 

<211> 33 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : primer 

<400> 69 

gcgggtacct ctcaggctct ccattttcaa gtg 33 

<210> 70 
<211> 27 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 70 

gcgggtaccg ctgcctgccg actgtga 



PCT/CAOl/00398 



Sequence^ primer 

27 



22/22 



SUBSTITUTE SHEET (RULE 26) 



